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Abstract: A vertical-coupling surface acoustic waver filt&D¢embgtd¥Sed of
first to third IDT electrodes, and first and second reflector electrodes.
Each I DT el ectrode has a main excitation portion where the pitch of

el ectrode fingers is [err]/2 where [err] is the wavel ength of the surface
acoustic wave. The phases in the maih excitation portions are shifted from
one anot her by a given value depending on the desired passband frequency
characteristics. Each IDT el ectrode has sub-excitation portions where the

pitch of electrode fingers is B%SC[WQ The pitches of all the
e r

el ectrodes fingers constituting e acoustic filter lye in the
range from0.8 [err]/2 to 1.2 [err]/2. Degradation of the |oss due to
di scontinuity between the |IDT el ectrodes is prevented.

SURFACE ACOUSTIC WAVE FILTER

5 TECHNICAL FIELD
The present invention relates to longitudinally coupled surface acoustic

wave filters each delivering low-loss performance.

BACKGROUND ART
10 To obtain a desired frequency response, a surface acoustic wave filter is
widely used among mobile communication apparatuses. The surface acoustic
wave filters used in the RF stage, in particular, include a ladder filter having
resonators connected in a ladder configuration and a longitudinal mode filter
utilizing a mode through acoustic coupling. Since loss of the filter in the RF
15 stage directly affects sensitivity of the mobile communication apparatus, low-
loss performance is demanded of the filter. Moreover, semiconductor device
such as an IC has become adopting balanced input/output in recent years for
noise reduction, thus requiring the surface acoustic wave filter used in the RF
stage to be balanced accordingly. |
20 A description is hereinafter provided of a conventional longitudinally
coupled surface acoustic wave filter having a balanced input/output port.
Fig. 12 illustrates the conventional longitudinal mode surface acoustic
wave filter.
In Fig. 12, the surface acoustic wave filter includes first, second and third
2b  interdigital transducer electrodes (hereinafter referred to as IDT electrodeé)
1202, 1203, 1204 and first and second reﬂector electrodes 1205, 1206 on

piezoelectric substrate 1201.
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Second and third IDT electrodes 1203, 1204 each have, on the same side,
electrode fingers coupled to unbalanced port 1209, and electrode fingers on the
other side of these IDT electrodes 1203, 1204 are grounded. By having the
structure described above, the surface acoustic wave filter obtained has the
unbalanced and balanced ports.

In the above-described surface acoustic wave filter, a difference between
resonance frequencies of primary and tertiary modes is used for securing a pass
bandwidth for the filter.  To obtain broadband characteristics, it is known that
a spacing between first IDT electrode 1202 and each of second and third IDT
electrodes 1203, 1204 is deviated substantially by A/4 from a periodic structure.
Fig. 12 illustrates the structure in which the spacing is deviated by +A\/4.

With this structure, however, piezoelectric substrate 1201 has a large free
surface portion between the IDT electrodes due to the increased spacing
between first IDT electrode 1202 and each of second and third IDT electrodes
1203, 1204, thereby causing propagation loss which results in increased filter
loss. Known measures taken against this problem include a structure such as
shown in Fig. 13 in which the area of the free surface portion of piezoelectric
substrate 1201 1s reduced by means of metal electrodes 1301, 1302 or the like.

Japanese Patent-Unexémined Publication No. H05-267990 discloses a
structure having a M4 spacing between centers of the respective adjacent
electrode fingers of first and second IDT electrodes 1202, 1203. In other words,
this structure has a deviating amount of -A/4 and as shown in Fig. 14, includes
part 1401 connecting the respective adjacent electrode fingers of first and second

IDT electrodes 1202, 1203 and part 1402 connecting the respective adjacent



20 A description is hereinafter provided of a conventional |ongitudinally
coupl ed surface acoustic wave filter having a bal anced i nput/output port.
Fig. 12 illustrates the conventional |ongitudinal node sur§ Ree 3¢
wave filter. In Fig. 12, the surface acpustic wave filter includes first,
second and third 25 interdigital transducer electrodes (hereinafter
referred to as IDT electrodes) 1202, 1203, 1204 and first and second
reflector el ectrodes 1205, 1206 on piezoelectric substrate 1201. 8
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coupled to first termnal 1207 of the bal anced port, and | ower el ectrode

fingers calhphgget @lect@efihdees ot fiast IXDR]exirddec dv2l arcedupded, whilé@hd and
third I1DT el ectrodes 1203, 1204 each have, on the sane side, 5 electrode
fingers cdlupéredetirode fiakerscihdredrare t@dded dodinbhbaicedgert 14056 that thie

other side of these |IDT el ectrodes 1203, 1204 are grounded. By having the
st ruct ur e sueioee | dsustibovave tflters hat ade @orissbpth ldndetle Hobtwirndle has

t he unbal anced _and bal anced ports._In the above-described surface acoustic
wave filt dplangedigarbrsagbeapehomrin Hig. (1 eranptebe implamented Recapss they and

tertiary nodes, is,use ecuring a pass andw dth, fo he filter. To
obtain br GSABEARL ﬁﬁ’rrgc{[gf iezﬁtCPE?é?S e icgnﬂ‘?f’(‘j%&: Wl?léttﬂe erébi@{l‘rﬁge%?i@eéﬁ first
| DT electrodeuééﬁZ_%&g eachﬂof second and third IDT electrodes 1203, 1204
i s devi at 84" ahtY 2 PSP a from a periodic structure. Fig. 12

Il lustrates the struc Ln which the s [ | S g vi at.e + 5 Wth
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electrodes to an electrode finger pitch of the IDT electrode is 1.5 or 0.5, and the
periodic structure is discontinuous. Consequently, filter characteristics

degrades due to, for example, bulk radiation of a surface acoustic wave.

DISCLOSURE OF THE INVENTION

According to a first aspect of the present invention, there is provided a
longitudinally coupled surface acoustic wave filter comprising: a piezoelectric
substrate; and a plurality of interdigital transducer electrodes (IDT electrodes)
and a plurality of reflector electrodes disposed on the piezoelectric substrate,
wherein each of the IDT electrodes is an interdigital electrode including a
plurality of opposed electrode fingers, wherein the IDT electrodes and the
reflector electrodes are arranged in close relation along a propagation direction
of a surface acoustic wave, wherein the IDT electrode includes a primary
excitation region having M2 electrode finger pitches, where A is a wavelength of
the surface acoustic wave, wherein the primary excitation region of at least one
of the IDT electrodes is phase-shifted from the primary excitation region of
another IDT electrode by a certain amount in accordance with a desired
passband frequency response, and wherein the IDT electrode includes, on a side

thereof adjacent to another IDT electrode, a secondary excitation region having



surface portion between the IDT el ectrodes due to the increased spacing
between first IDT el ectrode 1202 and each of second and third IDT

el ectrodes 1203, 1204, thereby causing propagation | oss WiPeImbeEZiWs in
increased filter [|oss. Known neasures faken against this probleminclude a
structure such as 20 shown in Fig. 13 in which the area of the free surface
portion of piezoelectric substrate 1201 is reduced by neans of netal

el ectrodes 1301, 1302 or the like. Japanese Patent Unexam ned Publication
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of the respective adjacent electrode fingers of first and second |DT

el ect r odesrefRemr el@dsedes hagingetworar tiore differéti Kinds bficlettreddfifgdr fiMiaat i Ng
~anount of -X14 and as shown in Fig. 14, includes part 1401 connecting the
respect i vedidigrentedrora| the Adepitdhegeiss difpobed shetemen sgeodDT leREtrodescisr odes
1202, 1203 and part 1402 connecting the respective adjacent 8 Decenber 2005
3 el ect r od@stfb The surfage aspsticage filspr Shue mraodeavel? ©2opak2idn patht hi s
structure,, the u en Iec%rode fingers of first IDT el ectrode 1202 are
grounded, WAYPE r?‘ﬁ ce I%?I@P lgiuété’tﬁrné@éeqqeﬁ%?lgsstﬂéﬁ‘rééﬁrwtéﬂéﬁ%l ed to

unbal anced port 1403, so that this surface acoustic wave filter has the
ports both unbal anced. However, the balanced port such as shown in Fig. 12

cannot be ¢ 330 Ibfﬁ?’-)j% G@,g‘s nd third IDT el ectrodes are
connect ed I\}\nﬁﬁ?t he ?ﬁ%s e?g@ipﬁ% Gr%parts 1401, 1402, respectively.
In each of the @mBoyanGasess Il . I g, betyween the | DT
el ectrodes to an%el ectrode f% %gré%&p%(%g%{lgf %ﬁzﬁ?%{lmg Cecgﬁa\leé]&g W@ﬁf @S(Sr 0.5,
and the psenflhs &hbbmmgneofﬁl@bég%inwﬂﬂﬁn. Consequently, filter

e,

characteristics degrades due to, for exanp bul k radi ati on of a surface
acoustic wave. Fig. 2A is an enlarged view illustrating electrode fingers arranged at
equal pitches in secondary excitation regions when the deviating amount is
-A/4, and Fig. 2B is an enlarged view illustrating electrode fingers arranged at
pitches varying stepwise in secondary excitation regions when the deviating
amount is -A/4,

Fig. 3A is an enlarged view illustrating electrode fingers arranged at
equal pitches in secondary excitation regions when the deviating amount is +A/4,
and Fig. 3B is an enlarged view illustrating electrode fingers arranged at pitches
varying stepwise in secondary excitation regions when the deviating amount is
+A/4.

Fig. 4 illustrates a filter in accordance with the first embodiment of the
present invention.

Fig. 5A shows filter characteristics when nl=n2=3, Fig. 5B shows filter
characteristics when n1=n2=5, and Fig. 5C shows filter characteristics when

ni=n2=7.



DI SCLOSURE OF THE | NVENTI ON According to a first aspect of the present
invention, there is provided a longitudinally coupled surface acoustic
wave filter conprising: a piezoelectric substrate; and a3p1P€ﬁ€§} Ogf
interdigital transducer electrodes (IDTyglectrodes) and a plurality of
reflector el ectrodes disposed on the piezoelectric substrate, wherein each
of the IDT electrodes is an interdigital electrode including a plurality
of opposed el ectrode fingers, wherein the IDT el ectrodes and the reflector
el ectrodes are ¥Hig.abghdwisnmehosedr chabiensatong 2 Mfepatadhi a8+ ahigon of
a surface acoustic wave, wherein the IDT el ectrode includes a primary

exci t at i onmeagind dhavactgristitPofsl epiventlendlifiliper pit ches, where Ais a

wavel ength of the surface acoustic wave, wherein the primary excitation
regi on of at | el Ghdllugraienea sprfage econstiewave fPharsin shidrtieded mith the
primary exci taai on rg{gi on of another |DT el ectrode by a certain anmount in
accor danceSSPRA eXepesy sanbeimenh qf the prrsent jnveasionnead Eigd7Rnillnsirateshe | DT
el ectrode in(gt:hgdes on a sjﬂ.de t%gtr eqQf adj acent not her. I DT el ectrode, a
secondary 2 L STEfACe 2005 HC FAYP fgtes Ip@eekfancespish the speand esabodimegh
pitches different fromthe A/2 pitches, and a condition that the reflector
el ectrodes having two or nore different kinds of electrode finger pitches
different fromthe At pitches is disposed between the |IDT electrodes is
est abl i shed. The surface acoustic wave filter thus may have a propagation
path having reduced discontinuity and hence lowloss filter
characteristics. BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1 illustrates a
surface acoustic wave filter in accordance with a first exenplary

enbodi ment of the present invention.



Fig. 2Ais an enlarged viewillustrating electrode fingers arranged at
equal pitches in secondary excitation regions when the devj at i aiﬁo%nt S
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-A4, and Fig. 2B is an enlarged viewillustrating electr
arranged at pitches varying stepwi se in secondary excitation regions when
the deviating anount is -A/4. Fig. 3Ais an enlarged view illustrating

el ectrode fingers arranged at equal p| tches in secondary excitation

regi ons when the deviating anount is®+X/4, and Fig. 3B is an enlarged view
illustrating electrode fingers arranged at pitches varying stepwise in
secondary excitation regions when the devi at i ng anmount is +X14. Fi g 4
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conventi onal lustrates a surface acoustic wave filter in

accordang%é%l &bédz&%ﬁ%%%{?%@nhﬂ@ﬂ@i@hﬁem of the present invention,

and Fig ustra anot surtface acoustic wave filter in accordance

Wi th ghe secon g R a R HARCRIRR I WARKilRerfihGccdtdhhdeibithalfifsh a surface

acoustic wave Tilter in accordance with a third
exemplary embodiment of the present invention.

Fig. 11 illustrates a surface acoustic wave filter in accordance with a sixth
exemplary embodiment of the present invention.
Fig. 12 illustrates a conventional surface acoustic wave filter.
10 Fig. 13 illustrates another conventional surface acoustic wave filter.

Fig. 14 illustrates still another conventional surface acoustic wave filter.

BEST MODE FOR CARRYING OUT THE INVENTION
FIRST EXEMPLARY EMBODIMENT
15 Fig. 1 schematically illustrates a surface acoustic wave filter in
* accordance with the first exemplary embodiment.

In Fig. 1, a pattern of interdigital electrodes each including opposed
electrode fingers is formed on piezoelectric substrate 101, whereby a surface
acoustic wave can be excited. The _surface acoustic wave filter formed is a

20 longitudinally coupled type including first, second and third IDT electrodes 102,
103, 104 and first and second reflector electrodes 105, 106 on piezoelectric
substrate 101.

In the surface acoustic wave filter mentioned above, the upper electrode

fingers of first IDT electrode 102 are coupled to first terminal 114 of a balanced
25  port, while the lower electrode fingers of this IDT electrode 102 are coupled to
second terminal 115 of the balanced port. The upper electrode fingers of-second

IDT electrode 103 are coupled to unbalanced port 116, while the lower electrode



exenpl ary enbodi rent of the present invention. Fig. 9 illustrates a surface
acoustic wave filter in accordance with a fourth exenpl ary. _enbodi pent of
the present invention. 5 Fig. 10 illustrates a surface ac&ﬁB?W?P Silter
in accordance with a fifth exenplary enbodi nent of the present invention.
Fig. 11 illustrates a surface acoustic wave filter in accordance with a
sixth exenplary enbodi nent of the péesent i nvention. Fig. 12 illustrates a
conventional surface acoustic wave fYlter. 10 Fig. 13 illustrates another
conventional surface acoustic wave filter. Fig. 14 illustrates stil

anot her conventional surface acoustic wave filter. BEST MODE FOR CARRYI NG
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I ncl udi ng oppose ectrode fingers 1s tornmed on piezoelectric substrate

101, whegebye fheddbf 8FCgrmabid! | Thidauefasd BeditR X hdeehliter! tHusSiEidee acoustic
wave filter ?orned Is a 20 longitudinally coupled type including first,

second agd Jrdbaldhcb®ina batdnce@gsrtd.02, 103, 104 and first and second

reflector electrodes 105, 106 on piezoelectric substrate 101. In the

surf gre acoudtiist VB eslédtbdder 1021k | dividedd ahey ehrdeheegippe incdhding rfade i ngers
of first IDT electrode 102 are coupled to first termnal 114 of a bal anced

. 25 por texcithtibe regien| 10T secohd @ixcitationf rogier 308 find third| &ititetiecregiae 102 are
coupled to second term nal 115 of the bal anced port. The upper el ectrode
fingers W9.second |IDT electrode 103 are coupled to unbal anced port 116,
while the | ower el ectrode

In first IDT electrode 102, first excitation region 107 is located between
second and third excitation regions 108, 109. Second IDT electrode 103 is

10 divided into two regions including first excitation region 110 and second
excitation region 111.

Second excitation region 111 of second IDT electrode 103 is located
adjacent to first IDT electrode 102. Third IDT electrode 104 is divided into two
regions including first excitation region 112 and second excitation region 113.

15 Second excitation region 113 of third IDT electrode 104 is located adjacent to
first IDT electrode 102.

First excitation regions 107, 110, 112 of first, second and third IDT
electrodes 102, 103, 104 are referred to- as primary excitation regions.
Throughout these primary excitation regions, a spacing (hereinafter referred to

20 as an electrode finger pitch) between respective centers of the adjacent electrode
fingers is set at A/2, where A is the wavelength of the surface acoustic wave to be
excited. The second and third excitation regions in first, second and third IDT
electrodes 102, 103, 104 are referred to as secondary excitation regions. .

A spacing between an excitation center of first excitation region 107 of

25 first IDT electrode 102 and an excitation center of first excitation region 110 of
second IDT electrode 103 is deviated by amount o from the A2 periodic

structure. Similarly, a spacing between the excitation center of first excitation



8 Decenber 2005 6 fingers thereof are grounded. Simlarly, the upper
el ectrode fingers of third. |DT electrode 104 are coupled to unbal anced
port 116, while the lower electrode fingers thereof are GrideRsEHOst 2665 s
surface acoustic wave filter thus. includes the unbal anced and bal anced
ports. 5 First IDT electrode 102 is divided into three regions including
first excitation region 107, second excitation region 108 and third
excitation region 109. In first IDT electrode 102, first excitation region
107 is | ocated between second and third excitation regions 108, 109.
Second I DT el ectrode 103 is 10 divided Znto two regions including first
excitation region 110 and second excitation region 111. Second excitation
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first, second and third I DT electrodes 10Z; 103, 104 are referréd to as

prinary peidritdxeiiati®®iregion 1 10hoP vediad! I D esectride B0y i€ yhadeatshiffed Bgi@ns, a
spacing (herelnafter referred to 20 as an el ectrode finger pitch) between

respect i frent éid pesodit driengedieac ofitthe kketrodddingers ge painiasy stitatioBddgionher e
X is the wavel ength of the surface acoustic wave to be excited. The second
and t hi r i0éxdifirat IO elecfrades 102 Jimiddr]y, tbe pedodidatrimgednDdf the elctrodes
H08 0% gers in primary excitation region 112 of third 1T clectrode 104 3 phase-shifed
by o from the periodic arrangement of the electrode fingers in primary excitation
10 region 107 of first IDT electrode 102.

Second and third excitation regions 108, 109 of first IDT electrode 102,
second excitation region 111 of second IDT electrode 103 and second excitation
region 113 of third IDT electrode 104 each have electrode finger pitches different
from the A/2 pitches. With the structure described above, the IDT electrode -

15 converts an electric signal, input from the unbalanced or balanced port, to the
surface acoustic wave, which is confined between the reflector electrodes, so that a
standing wave is generated on the piezoelectric substrate, and consequently, a
plurality of resonance modes is formed. Value o is optimized so as td couple the
primary and tertiary resonance modes together, whereby desired filter characteristics

20 is obtained.

Referring to the accompanying drawings, a description is provided next of
respective adjacent portions of first and third IDT electrodes 102, 104. Fig. 2
includes enlarged views éach illustrating the respective adjacent portions of first
and third IDT electrodes 102, 104 when deviating amount o=-A/4. In each of

25 these cases, third excitation region 109 of first IDT electrode 102 and second
excitation region 113 of third IDT electrode 104 each have three electrode fingers.

In each of these cases, the distance between centers of the respective



A spaci ng between an excitation center of first excitation region 107 of
25 first IDT electrode 102 and an excitation center of fir i¥
region 110 of second IDT electrode 103 is deviated by a the
)J2 periodic structure. Simlarly, a spacing between the eXC|tat|on center
of first excitation 8 Decenber 2005 7 region 107 of first |IDT el ectrode
102 and an excitation center of first excitation region 112 of third IDT
el ectrode 104 is deviated by amobunt a fromthe X/ 2 periodic structure. In
ot her words, the periodic arrangenent of the electrode fingers in 5 primary
excitation region 110 of second IDT el ectrode 103 is phase- shifted by a
fromthe periodic arrangenent of the electrode forgers in primry
excitation region 107 of first IDT e ectrode 102. Simlarly, the perlodlc
arrangenment of the electrode fingers in primary excitation reglon 112 of
third IDT el ectrode 104 is phase-shifted by a fromthe periqdi

arrange rré”metﬁ nwestép «ach otherfin fiyst exqitationiragions dQ7i 1 b2 obthe fipst ra@@ tbisd 107

of flrst tro%g %M& Second and third excitation regions 108, 109 of
first *@ second excitation region 111 of second |IDT
electrode 103 and .second excitation reglon 113 of third IDT el ectrode 104
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acoustic wave, which is confined between the reflector electrodes, so that
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t oget her mhereb desired filter characteristics 20 is obtain

finger pitch of first excitation region 107 to the electrode finger p1tc of third

10 excitation region 109 of first IDT electrode 102 as well as the ratio of the
electrode finger pitch of first excitation region 112 to the electrode finger pitch of
second excitation region 113 of third IDT electrode 104 is 0.929. Accordingly,
the difference between the reSpecuve electrode finger pitches of first and third
excitation regions 107, 109 as well as between the respective electrode finger

15 pitches of first and second excitation regions 112, 113 is about 7%. Thus, a
resulting structure has reduced discontinuity. The application of the same
structure to the respective adjacent portions of first and second IDT electrodes 102,
103 allows the surface acoustic wave filter to have as a whole a substantially
periodic structure having reduced discontinuity along a propagation direction.

20 Fig. 2B illustrates the electrode fingers arranged at pitches varying stepwise in
excitation regions 109, 113 of first and third IDT electrodes 102, 104.

In this case, the discontinuity can be reduced by optimizing electrode finger

pitches LI, L2, L3, L4. For example, setting A/2>L1>1.2>1.3>L4 can reduce the
discontinuity between the adjacent fingers.

25 If LI=L.2=L3=14 in Fig. 2B, this is similar to the structure illustrated by Fig.

2A.



Referring to the acconpanying drawi ngs, a description is provided next of

respective adjacent portions of first and third IDT el ectrodes 102, 104.
Fig. 2 includes enlarged views each illustrating the res ??V@ éa]écent
portions of first and third IDT electrodes 102, 104 when devi ati ng anmount
a7---X'4. In each of 25 these cases, third excitation region 109 of first

| DT el ectrode 102 and second excitation region 113 of third IDT el ectrode
104 each have three electrode fingers. In each of these cases, the distance
bet ween centers of the respective 8 Decenber 2005 8 forgers nearest to each
other in first excitation regions 10% 112 of the first and third 1DT

el ectrodes is 7X12-?14. 5 Fig. 2A il %strates the el ectrode fingers
arranged at equal pitches in excitation regions 109, 113 of first and
third IDT el ectrodes 102, 104. Since there are seven finger-to-forger

spacings for th X rode £in ever el ect,rad .nger. pitch is
(7X12- X14) 17 Tﬁ[ﬁe‘fx‘&rejﬁ%ﬂ? Phi: XGNP EESIgRS lb%’fb%ﬂn%ﬁf‘%ﬁ‘”éf first
excitatl 04 t;0 . th | ectr . f 4.hit. . itation
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el ectrode flnger pitch of first excitation region 112 to the el ectrode
finéer pitch of second excitation region 113 of third IDT electrode 104 is
0.929. Accordingly, the difference between the respective el ectrode finger
pitches of first and third excitation regions 107, 109 as well as between
the respective electrode forger 15 pitches of first and second excitation
regions 112, 113 is about 7% Thus, a resulting structure has reduced

di scontinuity. The application of the sane structure to the respective

adj acent portions of first and second IDT el ectrodes 102, 103 allows the
surface acoustic wave filter to have as a whole a substantially
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periodic structure having reduced discontinuity along a propagation

direction. 20 Fig. 2B illustrates the electrode fingers arranged at pitches
varying stepwise in excitation regions 109, 113 of first SRercnber 2005DT
el ectrodes 102, 104. 1In this case, the discontinuity can be reduced by

optim zing el ectrode finger pitches LI, L2, L3, L4. For exanple, setting
?J2>L1>L2>L3>L4 can reduce the discontinuity between the adjacent fingers.
25 If L1=L2=L3=L4 in Fig. 2B, this is simlar to the structure illustrated
by Fig. 2A. 8 Decenber 2005 8a If L1=L2#L3=L4 in Fig. 2B, excitation
regions 109, 113 include two differgpt ki nds of electrode finger pitches.
Even in this case, the discontinuity”s 10 15 20 25 8 Decenber 2005 9 can be
| ess than that of a conventional case, whereby bulk radiation |oss can be

reduced, and the filter can have reduced | oss as ole, A descriptionis
provi dedcateke loss daanedhakiadr & comyeniiongg caﬁ%uwbel@bséjlu\,ﬁi@aﬁl@OPﬁQSS $20R9 udes
and 1 hi r OGRS anaate bletEaBve Fhioap i A Bl [T Soch of these cases,
third excitation region 109 of first IDT el ectrode 102 and second
excitation rAagdescripfidnofs provided next of cases where deviating amount a=t+A/4.
5 Fig. 3 includes enlarged views each illustrating the respective adjacent portions of first
and third IDT electrodes 102, 104 when o=+A/4. In each of these cases, third
excitation region 109 of first IDT electrode 102 and second excitation region 113 of
third IDT electrode 104 each have three electrode fingers, and the distance between
centers of the respective fingers nearest to each other in first excitation regions
10 107,112 of the first and third IDT electrodes is 7A/2+\/4.
Fig. 3A illustrates the electrode fingers arranged at equal pitches in
excitation regions 109, 113 of the first and third IDT electrodes 102, 104.
Since there are seven finger-to-finger spacings for the six electrode fingers, every
electrode finger pitch is (7A/2+A/4)/7. Therefore, the ratio of the electrode finger pitch
15 of first excitation region 107 to the electrode finger pitch of third
excitation region 109 of first IDT electrode 102 as well as the ratio of the electrode
finger pitch of first excitation region 112 to the electrode finger pitch of second
excitation region 113 of third IDT electrode 104 is 1.071. Accordingly, the difference
between the respective electrode finger pitches of first and third excitation regions
20 107, 109 as well as between the respective electrode finger pitches of first and
second excitation regions 112, 113 is about 7%. Thus, a resulting structure has
reduced discontinuity.
The application of the same structure to the respective adjacent portions of first
and second IDT electrodes 102, 103 allows the surface acoustic wave filter to have as

25 a whole a substantially periodic structure having reduced discontinuity along the

propagation direction.



F

third IDT el ectrode 104 each have three el ectrode fingers, and the distance
between centers of the respective forgers nearest to each other in first
excitation regions 10 107,112 of the first and third | DT 8dPesmbec¥S; s
7712+1,14. Fig. 3Aillustrates the electrode fingers arranged at equal
pitches in excitation regions 109, 113 of the first and third I1DT

el ectrodes 102, 104. Since there are seven finger-to-finger spacings for
the six electrode fingers, every electrode finger pitch is (7?2i/2+1,/4)/7.
Therefore, the ratio of the electrode finger pitch 15 of first excitation
region 107 to the el ectrode finger piggh of third excitation region 109 of
first IDT electrode 102 as well as thé"ratio of the electrode finger pitch
of first excitation region 112 to the electrode finger pitch of second
excitation region 113 of third IDT electrode 104 is 1.071. Accordingly, the
difference gt UBCiiukiiftel BRPERLIA: TrREH AEndddatYitdhlel SapRnglstdpviisd ind

third excitation -regions 20 107, 109™as we n the respective

el ect r odgxditatie regdbAsST08S 103 of fifst hndfifird H¥T eREr6des 102! i®@h regions 112, 113
is about 7% Thus, a resulting structure has reduced discontinuity. The
appls cation of the sane structure to the respective adjacent portions of
first and second |IDT electrodes 102, 103 allows the surface acoustic wave
filter to have as 25 a whole a substantially periodic structure having
reduced discontinuity along the propagation direction. 9a Fig. 3B
illustrates the electrode fingers arranged at pitches varying stepwise in
excitation regions 109, 113 of first and third IDT el ectrodes 102, 104. 5
10 15

10

15

20

25



20 25 8 Decenber 2005 10 In the case of Fig. 3B, the discontinuity can be
reduced by optim zing electrode finger pitches L1, L2, L3, L4. For
exanpl e, setting ?J2<L1<L2<L3<L4 can reduce the di sconti SUPesgmbet?en t he
adj acent fingers. If L1=L2=L3=L4 in Fig. 3B, this is simlar to the
structure illustrated by 5 Fig. 3A If L1=L2*L3=L4 in Fig. 3B, excitation
regions 109, 113 include two different kinds of electrode finger pitches.
Even in this case, the discontinuityl®can be | ess than that of the
conventional case, whereby the bulk radiation | oss can be reduced.
Consequently, the filter can have reduced | oss as a whole. 10 Next, a

descT oL BB b RN SRR e ARD o8 o
oDt SSePE SIS, L S KO0 b, R apRasptnn L

el ectrodes eac iS to be noted here

that fi r§%ddcﬁ-{he gjss&{tﬁﬁgﬁ, eg@?@mﬁg@ﬂtﬁg o0yl el ectrode fingers, while
t

second and third I'DT  15°e ectrodes 103, 104 each have a total of N2

el ectrode fingqiisisAp3sN9W Fid) 3B, thisds sialifartothe 36Richik BEstra8AhLer S Of the
respective fingers nearest to each other in first excitation regions 107,
110 of fimgtgaand second | DT el ectrodes 102, 103 as well as between centers
of the respective fingers nearest to each other in first excitation

regi ons 107, IFIR1=If2+#1.85k4 dndFighiaBy ekEltattdie eogione 3080 119 2nclh@é tws (Nl +n2+1)
J2?J4. 1t is to be noted here that deviating anmobunt a is equal to +?J4
when t hediffdrent' kinds bf électpddeofingbtbitvhds.- Evbnvihethid e pthesdiScontinmitlyr ont

can be less than that of the conventional case, whereby the bulk radiation loss
can be reduced. Consequently, the filter can have reduced loss as a whole.

10 Next, a description is provided of cases where second and third excitation
regions 108, 109 of first IDT electrode 102 each have nl electrode fingers, while
respective second excitation regions 111, 113 of second and third IDT electrodes
103, 104 each have n2 electrode fingers. It is to be noted here that first IDT
electrode 102 has a total of N1 electrode fingers, while second and third IDT

15  electrodes 103, 104 each have a total of N2 electrode fingers.

As shown in Fig. 4, the distance between centers of the respective fingers
nearest to each other in first excitation regions 107, 110 of first and second IDT
electrodes 102, 103 as well as between centers of the respective fingers nearest
to each other in first excitation regions 107, 112 of first and third IDT electrodes

20 102, 104 is (n1+n2+1)A/2+A/4. It is to be noted here that deviating amount « 1s
equal to +A/4 when there is “+” in front of A/4 and -A/4 when there is “-” in front
of M4.

When the electrode fingers are arranged at equal pitches in excitation
regions 108, 111 of first and second IDT electrodes 102, 103 as well as in

25  excitation regions 109, 113 of first and third IDT electrodes 102, 104, there exist
(n1+n2+1) finger-to-finger spacings in excitation regions 108, 111 as well as in

excitation regions 109, 113, so that every electrode finger pitch is



of 714. \Wien the electrode fingers are arranged at equal pitches in
excitation regions 108, 111 of first and second |IDT el ectrodes_ 102, 103 as
well as in 25 excitation regions 109, 113 of first and t hi8Recembert®@st r odes
102, 104, there exist (nl+n2+1) finger-to-finger spacings in excitation
regions 108, 111 as well as in excitation regions 109, 113, so that every
el ectrode finger pitch is 8 Decenber 2005 11 {(nl1+n2+1) A12+Al14}/(nl+n2+1).
Therefore, the ratio of the el ectrodéd finger pitch of each of first
excitation regions 107, 110, 112 of IDT el ectrodes 102, 103, 104 to the

el ectrode finger pitch of each of excitation regions 108, 111, 109, 113 is

o (a2 Gk RS THERIS, leEE P ORI AR phE ™ 11 M 26,

by appro S sele on of nl and n2 is

by app: fieSelect |
char act ol P QL A o L B e L st s i

reduced giScg 6&%@ er Pitkh 08 Yabh Sfidkcibhtion REAbhS 168! 011y 100! €3 i®ot havi ng

a desired passband equency response because 10 the nunber of el ectrode
fingers, 1W)iog-dghgpm nes a main part of the filter characteristics, in
the first excitation region of each of the IDT el ectrodes decreases

accorgli ngl y. WRR\R{sS®kYotuid) heldigédmrtiritytai beanihimzzedeby hppropriately i | t er
havi ng i ncreased di scontinuity and increased | oss caused by bul k radi ation

or the bdlk@inglnThad n25ATHE selektion bbb ahi n2eis detanrinedby sttrade-offien nl and
n2 are varied. In each of these graphs, the vertical axis shows passing
char act ebétsiebs $he (déchativaiti emdcther Gltérecliarhétenjtion tlnootler werdsthecal es.
increase in nl and n2 results in reduced discontinuity, but results in an
unsatisfactory filter not having a desired passband frequency response because
10 the number of electrode fingers, which determines a main part of the filter
characteristics, in the first excitation region of each of the IDT electrodes
decreases accordingly. Conversely, the decrease in n1 and n2 results in a filter
having increased &iscontinuity and increased loss caused by bulk radiation or
the like.
15 | Figs. 5A-5C illustrate filter characteristics when nl and n2 are varied.
In each of these graphs, the vertical axis shows passing characteristics
(attenuation characteristics) on two different scales.
Specifically, Fig. bA illustrates the passing characteristics when n1=n2=3,
Fig. 5B illustrates the passing characteristics when ni=n2=5, and Fig. 5C
20 illustrates the passing characteristics when n1=n2=7. As can be seen from
these drawings, as nl and n2 increase, the attenuation increases accordingly.
This is because the number of electrode fingers in each of first excitation regions
107, 110, 112 becomes smaller with respect to the number of electrode fingers in
the secondary excitation region(s). In this case, the first IDT electrode has a
25  total of 31 electrode fingers, and the second and third IDT electrodes each have a
total of 19 electrode fingers.
Of the total number of electrode fingers of each of the second and third



Specifically, Fig. S5Aillustrates the passing characteristics when nl=n2=3,
Fig. 5B illustrates the passing characteristics when nl=n2=5, and Fig. 5C
20 illustrates the passing characteristics when nl=n2=7. ADeesmbse2Waen
fromthese drawi ngs, as nl and n2 increase, the attenuation increases
accordingly. This is because the nunber of electrode fingers in each of
first excitation regions 107, 110, 112 becones snmaller with respect to the
nunber of electrode fingers in thelgécondary excitation region(s). In this
case, the first IDT electrode has a 25 total of 31 electrode fingers, and
the second and third I DT el ectrodes each have a total of 19 el ectrode

fingers. f fd r fi & . second and
third 8 @3%@? ﬁ%ghe %gﬂa%%_ ogleleegjfr(rag%ggl,g%shl'{eﬁg%n%%@do%ﬁg elg{l rr %é(-jlgn'fi ngers in
t he seco i | F QL f ik Py7RH18A9=3.283 iR the case
of Fig. @%&ﬁ?ﬁg§?h?ﬁgﬁ%%gggﬁgg§@ﬁﬁ t eeégggég%iéyg. 5B, and

(n2) / N2=4119= | 0f19=10R685% - thPleadd & HiQISE,  ORURRR6taDf

el ect rod@?‘%ﬁggﬁgﬁo?gi %12&?{1?2?2?2 I D'Iﬁg?aeﬁcsft rode, ai[ he ngnber of electrode 5
fingers Lambbeotacqrsiefiflzdrlior theRestt EIT elocrofe, Whe radsliew b Sldctriode
(n1+nl)/N1=(3+43)/31=0.194"in the case of Fig. 5A (nl+nl)/Nl=(5+5)/31=0.323
in the HASRsOfinFi the SBecoddd &Md +RhirBNl&tclthtibh31re@iohS2 adtotndite cese of Fig.
5C. As shown by Figs. 5A-5C, the attenuation increases to a |arge extent
when nl =gA¥A1)/N1=(33-3)/BLS0. p9£irethelvhse 6L, SAen )N 1=S+BIHAs03@8enf i ngers in
the 10 secondary excitation region(s) accounts for 1/3 or less (i.e.

(nl +nl) / {{e<chdBofFig. FB2AdNEAENI)/NAE(AHTY3160.452 mutheaasedf Figrifer s of the | DT
el ectrode. Fig. 6 shows neasured characteristics (a) of a filter when

nl =n2=5 and Asesiswre bycFizsabAdiG, sthiecattérpjativh mcrenses e aolaage ertemér . As can

be seen fromFig. 6, )
when n1=n2=7. Itis thus preferable that the number of electrode fingers in the

10 secondary excitation region(s) accounts for 1/3 or less (i.e. (n1+n1)/N1<1/3 or
(n2)/N2<1/3) of the total number of fingers of the IDT electrode.

Fig. 6 shows measured characteristics (a) of a filter when nl=n2=5 and
measured characteristics (b) of a conventional filter. As can be seen from Fig. 6,
there is an improvemeﬁt of 0.5 dB or more in loss.

15 As described above, deviating the first excitation regions of the first,
second and third IDT electrodes by the certain amount affords the
characteristics of the longitudinal mode surface acoustic wave filter using the
primary and tertiary modes. Further, optimizing the electrode finger pitches of
the secondary excitation regions of the first, second and third IDT electrodes

20 reduces the discontinuity, so that all the electrode fingers form the substantially
continuous periodic structure, thus reducing the loss caused by the bulk
radiation resulting from discontinuity of acoustic impedance.

In the above description, the same number of electrode fingers is used in
the secondary excitation region of each of the first, second and third IDT

25 electrodes. However, the number of fingers in the secondary excitation region
may be optimized according to the total number of fingers of each of the IDT

electrodes. In other words, an optimum excitation condition can be obtained by



there is an inprovenent of 0.5 dB or nore in |oss. 15 As descri bed above,
deviating the first excitation regions of the first, second and third |IDT
el ectrodes by the certain anount affords the char act er i stReccmbes H05

| ongi tudi nal node surface acoustic wave filter using the primary and
tertiary nodes. Further, optimzing the electrode finger pitches of the
secondary excitation regions of the first, second and third |IDT el ectrodes
20 reduces the discontinuity, so that all the electrode fingers formthe
substantially continuous periodic structure, thus reducing the | oss caused
by the bulk radiation resulting fromdi$Zontinuity of acoustic inpedance.
In the above description, the sanme nunber of electrode fingers is used in

t he secondary excitation region of each of the first, second and third |IDT
25 el ect moalasg nHdiffevdrom nBe nunber of fingers in the secondary excitation
region may be optim zed according to the total nunber of fingers of each of

the IDT ele ogles - het, - wor a ' L.t At | ngy, t i an be
obt ai ned by gh%ecengé#%%ﬂwna iﬁlge W?ﬂ%ﬁﬁ?ﬁ] %2%19%%%?*’5%%&
excitati hin ! r 1S ' Yar aQr 714
fromt heq?éigggﬂ \t/]gef fr ?%Chgéilﬁrtsgﬁﬁ C?’Ii:ﬂ arﬁggi 0 g)ﬂgf O?ﬁc}eibgée‘%gﬁg %%Jd]t?ﬁlﬂr??m 5

el ecs r odgfecroaueV e Howd\Rr,dfh¢! ddviatn@ARidvat i$ ndPlinhitdd (¢ ¢hée {41888 Vahues.

The deviating amount is one of parameters determ ning a passband of the

filter agdgviatingt&b@hiolse Oﬁ@tdﬂ?ﬂﬁﬁlét@'_s adaemtiafifie avpaRRbaedidfethef filiteand
characteristics. In the present enbodi nent, the surface acoustic wave

filter i therdfogwptitnizédimecorddnee wittedaied dilepehaateriswe. ports. In this
structure, balancing characteristics 10 of the balanced port beconmes an
essenti al pamankd @resehbecrhbbdinenng tlieh ansfterdcotistis wave filter is configured
to have the unbalanced and balanced ports. In this structure, balancing characteristics
10 of the balanced port becomes an essential parameter. The balancing characteristics
can be improved by, for example, slightly increasing distance L4 between first IDT
electrode 102 coupled to the balanced port and each of IDT electrodes 103, 104
coupled to the unbalanced port such that A/2>L1=L2=13<1.4 in Fig. 2B. Although the
increase in L4 results in the slight decrease in each of electrode finger pitches LI, L2, L3
15 in this case, the loss can be reduced as a result of reduced discontinuity, and the
balancing characteristics can be improved as long as the ratio between the adjacent
electrode finger pitches of the IDT electrode ranges from 0.8 to 1.2. An ideal
balancing characteristics can be obtained when a signal input from unbalanced port
116 and output to first terminal 114 of the balanced port and a signal input from
20 unbalanced port 116 and output to second terminal 115 of the balanced port are of the
same amplitude and oppositely phased. The balancing characteristics practically
deviates from an ideal value due to, for example, a parasitic component between the
IDT electrodes. However, the balancing characteristics can be improved by changing

the parasitic component between the IDT electrodes through adjustment of the

25 electrode finger pitches.



can be inproved by, for exanple, slightly increasing distance L4 between
first IDT electrode 102 coupled to the bal anced port and each of |DT

el ectrodes 103, 104 coupled to the unbal anced port such SHagcember 2005
X12>L1=L2=L3<L4 in Fig. 2B. Although the increase in L4 results in the
slight decrease in each of electrode finger pitches LI, L2, L3 15 in this
case, the loss can be reduced as a result of reduced discontinuity, and the
bal anci ng characteristics can be inproved as long as the ratio between the
adj acent electrode forger pitches of the IDT el ectrode ranges fromO0.8 to
1.2. An ideal bal ancing characterist'gs can be obtai ned when a signal

i nput from unbal anced port 116 and o %ut to first termnal 114 of the

bal anced port and a signal input from 20 unbal anced port 116 and output to
second term nal 115 of the bal anced port are of the sane anplitude and
opposi.tely I I S L - deyiagt from
an i deal vaﬁg@é gﬁgse%ﬁg?e%(ﬁg%g%agﬁ%g&g%f% ftHe gei%(gfn‘%ge;grqubétn\%ge#l hzﬁ | DT
el ect rodggq; e apci ract eri i can:berd b

Changi ng tOgHORRY Sthe, Kl R R o Mot 30 (P o o

adj ustment of the 25 electrode finger pitches. 8 Decenber 2005 13a The
present enbodi nent has referred to the electrode finger pitch only. In
addition to the electrode finger pitch, a nmetallization ratio (the ratio of
an 5 10 15 8 Decenber 2005 14 el ectrode finger width to the
finger-to-finger spacing) can be changed, too. For

10

15



exanpl e, since the electrode finger pitch of secondary excitation regions
109, 113 is smaller than the el ectrode finger pitch of prinmary_excitation
regions 107, 112 in Fig. 2A setting the nmetallization r&Pecapest¥ndary
excitation regions 109, 5 113 larger than that of primary excitation
regions 107, 112 can bring the electrode finger width of the secondary
excitation regions close to the electrode finger wwdth of the primry
excitation regions. Wth the el ectrdde fi nger pitch and the netallization
ratio thus taken into account for reduced discontinuity, the |oss can be
reduced further. 10 As long as the electrode finger pitches of the surface
acoustic ve fdlter . ' : Wels) ciure t he

pr esent qI%EOﬁFi P?ﬂ%ﬁéﬁﬁﬁ%éﬂﬁg@g@%ﬁlﬁ?@g ISA&(I:;%E lgg%gltlgﬁé?euﬂwgi/eEMV\hen t he

i nput/ o i ' i ) ' ferred to
tho. bal ARGEPIG st thePickol e KA 1 S RaR ixcR RGN wiRNs BELIT

unbal anc JtR6dcShiiBer 3% / i aijyped even
when thceigglr]l%%?%{@pﬁ%dﬂ?recteis%ﬂnge}r?&tfléég?gg%ﬁgtg%fag%é&gfsbétﬁﬁlg%é%trode finger
pi tches iﬁfpighQA,Ssgtmgethaqa&%mmm%ﬁBIdftseéon;aaey sgditdtion fefdnsaobhe periodic
structure of the present invention. The application of the present

i nveny i o1 3t Rirerd Eh4EthHS iof Hrinh8a kxcitatiohafiondC B 112 wa ehriigh tlnhance t he
effeg giflsrlehdg%i ng the bulgkbra%ﬁtion Ios?%thh 20 the Ierg%) surface
acoust i Glu@nse firlier AidEP6f therseadndalie ekeltdtionambigins atosk ds the eleetradd y

I ncreases in wave node conversion due to the presence of discontinuity, so
t hat t hefirfidek twdith 6f $hek@timatoetudation regiens e Withshe atectrodadinger pitkhwever, t he
application of the present invention can reduce the bulk radiation |o0ss.
25 SECONDdE Mt za@OP i NTus taken into account for reduced discontinuity,

the loss can be reduced further.

10 As long as the electrode finger pitches of the surface acoustic wave filter
are set to define the periodic structure of the present invention, the similar
advantages can be obtained even when the input/output direction is reversed.

The present embodiment has referred to the balanced and unbalanced
ports. However, the ports may both be unbalanced or balanced. The similar

15 advantages can be obtained even when the mput/output direction is reversed as
long as the electrode finger pitches of the surface acoustic wave filter are set to
define the periodic structure of the present invention.

The application of the present invention to a filter using a leaky surface
acoustic wave can enhance the effect of reducing the bulk radiation loss. With

20 the leaky surface acoustic wave, the proportion of the bulk radiation loss
generally increases in wave mode conversion due to the presence of
discontinuity, so that the filter is likely to have increased loss as a whole.
However, the application of the present invention can reduce the bulk radiation
loss.

25
SECOND EXEMPLARY EMBODIMENT

Fig. TA schematically illustrates a surface acoustic wave filter in



Fig. 7A schematically illustrates a surface acoustic wave filter in 8
Decenber 2005 15 accordance with the second exenpl ary enbodi nent of the
present invention. In Fig. 7A a pattern of interdigital &l&ocrbgeddlgach
constructed of opposed electrode fingers is fornmed on piezoelectric
substrate 701, whereby a surface acoustic wave is excited. 5 The surface
acoustic wave filter fornmed is a longitudinally coupled type including
first, second and third IDT electro 702, 703, 704 and first, second,
third and fourth reflector electrodes 707, 708, 705, 706 on piezoelectric
substrate 701. The second enbodi nent of this invention differs fromthe

(St Toucotaluih, 4 B LS A U ST b om0
el ectrode 70§, i, %%%%g%?@@ﬁﬂﬁ{tﬁra&tm? i &nﬁ%ﬂ@ﬁ%‘ﬂuﬁﬂﬂ@é 702, 704.

Thi s arrangenent™ re I'scontrnurty of a periodic structure defined

by el ect iﬁgggr ip! ﬁﬂﬁf Ao LR HEO SR EAECR1, fRrély hhRurieef ace

acousticélgggoe(fefl er?.lgfhlr gn ?LS Peourtﬁ reflector el éctyr odes 705, 706 of

the presghti6OR9G BXitede simlar in structure to respective reflector
0

el ectrodes 1 106 of the first enbodinment. In the above-nenti oned surface

acous§ i ¢ vaveryyl durfice dcbEstitPREve BlRS F5Ra isf4 Maritadafallyi dosplddpel ect r ode

702 are coupled to first termnal 709 of a balanced port, while the | ower
el ect r odgchidefifst Ofechbhd andl PHird 1Ot slogleoded 27021 203, 0kl :ad fivst,2cemnt;ond
termnal 710 of the balanced port. The upper el ectrode fingers of second
| DT el ecfhiiend’arily eflectop blectrbdesiT0Ta708,C708, P 6n FikZoeledirit subdieatkoner
el ectrode

701.

The second embodiment of this invention differs from the first

10 embodiment in that first reflector electrode 707 is disposed between first and

second IDT electrodes 702, 703 and that second reflector electrode 708 1s

disposed between first and third IDT electrodes 702, 704. This arrangement

can reduce discontinuity of a periodic structure defined by electrode finger

pitches and can hence reduce loss of the surface acoustic wave filter. Third and

15 fourth reflector electrodes 705, 706 of the present embodiment are similar in
structure to respective reflector electrodes 105, 106 of the first embodiment.

In the above-mentioned surface acoustic wave filter, the upper electrode
fingers of first IDT electrode 702 are coupled to first terminal 709 of a balanced
port, while the lower electrode fingers of this IDT electrode 702 are coupled to

20 second terminal 710 of the balanced port. The upper electrode fingers of second
IDT electrode 703 are coupled to unbalanced port 711, while the lower electrode
fingers thereof are grounded. Similarly, the upper electrode fingers of the third
IDT electrode are coupled to unbalanced port 711, while the lower electrode
fingers thereof are grounded. This surface acoustic wave filter thus includes

25  the unbalanced and balanced ports.

Throughout IDT electrodes 702, 703, 704 , the electrode finger pitch is set

at M2. A spacing between an excitation center of first IDT electrode 702 and an



fingers thereof are grounded. Simlarly, the upper electrode fingers of the
third |1DT electrode are coupled to unbal anced port 711, while the | ower

el ectrode fingers thereof are grounded. This surface acogd? Oilter
t hus includes 25 the unbal anced and bal anced ports. Throughout |DT

el ectrodes 702, 703, 704, the electrode finger pitch is set at A2. A
spaci ng between an excitation center of first IDT electrode 702 and an 8
Decenber 2005 16 excitation center of second IDT el ectrode 703 is deviated
by amount a fromthe 7v/2 periodic structure. Simlarly, a spacing between
the excitation center of first IDT el?gtrode 702 and an excitation center
of third IDT electrode 704 is deviated*by 5 anobunt a fromthe 712 periodic
structure. A description is now provided of a case where the deviating
amount is -?v/4. Wen the nunber of electrode fingers of each of the first
and secorycitatishl eanterrofestecond EDdselestrode 7¢hés d@‘@ﬁ@dgié/ wopupks Tem ded/3f t he
respective fingers rest to each.other in first .and second

ne t 1)
el ect r odBSTIPGLE StpgpsuLes larlys a1gpacing beavesn theecxaahon septer p g’é'?fslqgar est
to each qiher .i jrst and third 1 DT el I (04 )
5. 71y Seltiodeciod, Al oA xilill, (el T HF RS cliodst 03 g tdeialéd byona
reflecto Y/ . ranged at equal pitches, ever
el ec51(:arodémpﬁhggiﬁ(gﬁtﬁﬁwgkpég%eﬁr%ﬁéctgr el ect ?odesp707, 708 is Y
{(Nr+1) X2+- 744} | (Nr +| ) because there exist (Nr+l) 15 finger-to-finger,

spaci ngs i n Aadpscaptioheise nowr |pevided epbcd rendeswhere, the glevigimge Amaint ¢ i§e

ratio of the electrode finger pitch of each of I DT el ectraodes 7Q2, 703, 704
to the eWéctr ﬂfﬁ%ﬁg@‘#mbﬁlt &fpéllecgaéﬁ g‘ngréf‘P%@@‘Eh of| B8k &ngoFeCOREs | s

o oot ¢ hstiobkisepleottoddsy 15 NF. the Wistance between centors of the Tospedtive” Hhedls ™" ©
nearest to each other in first and second IDT electrodes 702, 703 as well as
10 centers of the respective fingers nearest to each other in first and third IDT electrodes
702, 704 is {(NrH)A/2-1/4}.

In cases where the electrode fingers of each of first and second reflector
electrodes 707, 708 are arranged at equal pitches, every electrode finger pitch of these
reflector electrodes 707, 708 is {(Nr+1)A2+A4}/(Nrtl) because there exist (Nrt+l)

15 finger-to-finger spacings in each of these reflector electrodes 707, 708. Therefore, the
ratio of the electrode finger pitch of each of IDT electrodes 702, 703, 704 to the
electrode finger pitch of each of reflector electrodes 707, 708 is 1-I/{2(Nr+1)}. With
reflector electrodes 707, 708 each having four or more electrode fingers, every
electrode finger pitch of reflector .electrodes 707, 708 is 0.9A/2 or more, and the

20 discontinuity can be limited to within 10%.

 In cases where the deviating amount is +A/4, the ratio of the electrode
finger pitch of each of IDT electrodes 702, 703, 704 to the electrode finger pitch .
of each of reflector electrodes 707, 708 is I+V{2(Nr+l)}. With reflector
electrodes 707, 708 each having four or more electrode fingers, every electrode

25 finger pitch of reflector electrodes 707, 708 is 1.1A/2 or less, and the discontinuity
can be limited to within 10%.



el ectrode finger pitch of reflector .electrodes 707, 708 is 0.9712 or nore,
and the 20 discontinuity can be limted to within 10% In cases where the
deviating amount is +214, the ratio of the el ectrode finéé@“ﬁﬂ?@ﬁuﬁﬁ each
of IDT electrodes 702, 703, 704 to the electrode fnger pitch of each of
reflector electrodes 707, 708 is 1+1/{2(Nr+l)}. Wth reflector electrodes
707, 708 each having four or nore electrode fingers, every el ectrode 25
fnger pitch of reflector electrodes 707, 708 is 1.174./2. or less, and the
discontinuity can be limted to within 10% 8 Decenber 2005 16a In the
present enbodi nent, the electrode fingers of first and second reflector

el ectrodes 707, 708 are arranged at e | pitches. However, those 5 10 15
20 25 8 Decenber 2005 17 el ectrode fingers nmay be arranged at pitches
varying stepw se such as noted in the first enbodinment, or the reflector

I d ds of,. gl de f
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| ectrod di ff f t hos t d and third IDT
ol ect rodeeehedes 1 708 s armapged BeduiRpteRts: Holver 388%' 703, 104 my each
be q‘iivi ded into a plurality of
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regions to change the electrode finger pitches of each region adjacent to
reflector electrode 707 or 708. As shown in Fig. 7B, first |IDT_ el ectrode
702 is divided into three regions including first exci tatsil?ﬁ?e’iné’ﬁf%q{B?Zl,
second excitation region 10 722 and third excitation region 723. In first

| DT el ectrode 702, first excitation region 721 is |ocated between second
and third excitation regions 722, 7 Second I DT el ectrode 703 is divided
into two regions including first excttation region 724 and second
excitation region 725. Second excitation region 725 of second |IDT

el ectrode 703 is located close to first IDT electrode 702. Third IDT 15

el ectr odgleéldde Bnféné! HEFH bé BERANEUD af BHERASvAYE1USEHTisk SLel a8 K6iclah! ON region

726 and second excitation region 727. Secohd excitation region 727 of

third | Dihe StRcidemeRt of thé ATRERR efdchBBe fay havd twdUr RbACAIREME 702,
Throughout first excitation regions 721, 724, 726 of |1DT el ectrodes 702,

703, 704kiriswfalkictrodé aheaipiadesfi nger pitch) between respective centers of
the 20 adjacent electrode fingers is set at ]1J2, where X is the wavel ength

of the surfacFhe aketisdé finpervpitéieshf st ah@decohdspidleciog eheirodeN767)
excitation center of first excitation region 721 of first |IDT el ectrode
702 ahd &§08 exffert frvinothose Bf Eirst) fsedandsand: xkird dDToelettegdean702 408§ 704econd | DT
el ectrode 703 is deviated by a certain amount fromthe A/ 2 periodic 25

st r uct ur Eowsver, [[BA) slectaodep FORNG03) €t0damny teheh br aivided amoceplaealityfoff i r st
excitation region 721 of first IDT electrode 702 and an excitation center
of fir st regiwis tatchenge thegdlentrodedinger pitches df@dcleregion adjaccrd 4o refledtori at ed by
the certain anount fromthe 8 Decenber 2005 18 2/2 periodic structure. In
ot her woekgetrodp¥Phozi7A8. t Ae showntindtis TBnfest IPT eleezodsr 793 jssdividedd second

reflector electrodes 707, 708 and the electrode finger pitches of regions
722, into three regions mcluding first excitation region 721, second excitation region

10 722 and third excitation region 723. In first IDT electrode 702, first excitation
region 721 is located between second and third excitation regions 722, 723.
Second IDT electrode 703 is divided into two regions including first exci;cation
region 724 and second excitation region 725. Second excitation region 725 of
second IDT electrode 703 is located close to first IDT electrode 702. Third IDT

15 electrode 704 is divided into two regions including first excitation region 726 and
second excitation region 727, Second excitation region 727 of third IDT
electrode 704 is located close to first IDT electrode 702.

Throughout first excitation regions 721, 724, 726 of IDT electrodes 702,
703, 704, a spacing (electrode finger pitch) between respective centers of the

20 - adjacent electrode fingers is set at A/2, where A is the wavelength of the surface
acoustic wave to be excited.

A spacing between an excitation center of first excitation region 721 of
first IDT electrode 702 and an excitation center of first excitation region 724 of
second IDT electrode 703 is deviated by a certain amount from the M2 periodic

25  structure. Similarly, a spacing between the excitation center of first excitation
region 721 of first IDT electrode 702 and an excitation center of first excitation

region 726 of third IDT electrode 704 is deviated by the certain amount from the



723, 725, 727 of the IDT electrodes as a whole affords the simlar

advant ages. 5 The nunber of electrode fingers of the reflector el ectrode
and the nunber of fingers of the IDT el ectrode are not | Bripgegppber 2005
specifically and are optim zed for desired filter characterlstlcs. Al so
the reflector electrodes showmn in Figs. 7A and 7B may be grounded. The
surface acoustic wave filter of the present enbodinent is configured to
have 10 the bal anced and unbal anced ports, so that if, simlarly to the
first enbodinment, the ratio between the adjacent el ectrode finger pitches
ranges fromO0.8 to 1.2 in consideration of an advantage obtai ned by

| mprovi ng bal ancing characteristics, the |oss can be reduced as a result
of reduced discontinuity, and the bal d&ing characteristics can be

i mproved. 15 The first IDT electrode is deviated by -X14 or +?J4 fromthe
second and third IDT el ectrodes. However, the deviating amount is not
limted to these values. The deviating ambunt is one of paraneters

det er m nimB paridie BV IreS In 6lﬂ€r Glorde ro in® theel&ide m%?gfﬁl&:ﬁés b first

accor dance WI th the desired filter ar act eristics. pr esent
enbodi meghd BasontietREdteeletrddes 7@'76%8 aslethel eﬂ&ﬁfod@'ﬁﬁ@'&r pittives ofAegibns 72&

first embodinent, in addition to the el ectrode finger pitch, a

met al | i zapB,or25; 27 of e IDMecledtaiies asle whiohgeffords thdimilheadetitageso. The
present enbodi nent has referred to the bal anced and unbal anced ports.

Howeyver, t heTlponiusnirary ob eldetlode Ufihgdranste theo refledton ebstirodd &hdehenanbet005
18a As Iong as the electrode finger pitches of the surface acoustic wave
filter of fingers of the IDT electrode are not limited specifically and are optimized for
desired filter characteristics. Also the reflector electrodes shown in Figs. 7A
and 7B may be grounded.
The surface acoustic wave filter of the present embodiment is configured to have

10 the balanced and unbalanced ports, so that if, similarly to the first embodiment, the
ratio between the adjacent electrode finger pitches ranges _from 08 to 1.2 in
consideration of an advantage obtained by improving balancing characteristics, the
loss can be reduced as a result of reduced discontinuity, and the balancing
characteristics can be improved.

15 The first IDT electrode is deviated by -A/4 or +A/4 from the second and
third IDT electrodes. However, the deviating amount is not limited to these
values. The deviating amount is one of parameters determining a passband of
the filter and is therefore optimized in accordance with the desired filter
characteristics.

20 | The present embodiment has referred to the electrode finger pitch only.
As in the first embodiment, in addition to the electrode finger pitch, a
metallization ratio of the electrode finger can be changed, too.

The present embodiment has referred to the balanced and unbalanced ports.

However, the ports may both be unbalanced or balanced.

25



are set to define the periodic structure of the present invention, the
simlar 5 advantages can be obtai ned even when an input/out put direction
is reversed. 8 Decenber 2005 19 The application of the pr&desembayeiddion to
a filter using a | eaky surface acoustic wave can enhance the effect of
reduci ng bul k radiation | oss. TH RD EXEMPLARY EMBODI MENT 5 Fig. 8
schematically illustrates a surface acoustic wave filter in accordance
with the third exenplary enbodi nent of the present invention. In Fig. 8, a
pattern of interdigital electrodes each constructed of opposed electrode
frgers is formed on piezoelectric subs{gate 801, whereby a surface acoustic
wave can be excited. The surface acousti® wave filter formed is a

| ongi t udi nal node 10 type including first and second | DT el ectrodes 802,
803 and first and second reflector electrodes 804, 805 on piezoelectric

‘ ij? ot Zﬁﬁoﬁ? sloMEn e SRR FRkero itkhs of ABE SRR | b SiE MRT o7
by o eot Al Podeiph HHE Boriflif” Sthedth cdf ?ﬁ%ﬁ;@g{#&gﬂﬁé@&p“%;ﬁg@ﬁ;g e
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unbal anced port 810, while the | ower electrode fingers of this IDT

el ectrode 802 are grounded. The upper electrode fingers of second |DT

el ectrode 803 are coupl ed to unbal anced port 811, while the | ower el ectrode
fnmgers 20 thereof are grounded. This surface acoustic wave filter thus

i ncludes the ports both unbalanced. First |IDT el ectrode 802 is divided
into two regions including first excitation




regi on 806 and second excitation region 807. Second excitation region 807
of this IDT electrode 802 is |ocated adjacent to second | DT el ectrode 803.
8 December 2005 20 Similarly, second IDT el ectrode 803 is &Psseadsr 39%o two
regions including first excitation region 808 and second excitation region
809. Second excitation region 809 of this IDT electrode 803 is |ocated

adj acent to first IDT electrode 802. 5 Throughout first excitation regions
806, 808 of first and second IDT electrodes 802, 803, the el ectrode finger
pitch is set at ?/2. A spacing between an excitation center of first
excitation region 806 of first IDT electi®de 802 and an excitation center
of first excitation region 808 of second IDT electrode 803 is deviated by
anount a fromthe 712 periodic structure. In first IDT el ectrode 802, the

10 el ectrode_finger. pitch of first excitation,region 806 differs from each
el ectrode fi Age@PPHsdlan @E%@dﬁwtmﬁnﬂapitaﬁ flggusinga eaky sustaceasaustiss i o

bet ween these el ectrode fjnger itches, ranges from0.9 to 1.2. In second
DT o ectPEEaBEaITCR e PR Ik TIPS T 1 o7 exci tat on T egt on
808 differs fromeach el ectrode finger pitch of second excitation region
809 so that 15 the ratio between these el ectrode finger pitches ranges

sur face AHBREXEMRIAREEMBUINENT o 0. 6712 10 1. 2932 Lo define a
subsgent o gyperd o ebiuiyr SypSSC PRy SR ST oS
1 e SRS O S M e R SEPRF P 1. Unen
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the el egletQ8@e fingers is formed on piezoelectric substrate 801, whereby a surface acoustic
wave can be excited. The surface acoustic wave filter formed is a longitudinal mode
10  type including first and second IDT electrodes 802, 803 and first and second reflector
electrodes 804, 805 on piezoelectric substrate 801.
The third embodiment of this invention differs from the first embodiment in that
the surface acoustic wave filter has the two IDT electrodes.  This can reduce
discontinuity of a periodic structure defined by electrode finger pitches, and can hence
15  reduce loss of the surface acoustic wave filter.
In the above-mentioned surface acoustic wave filter, the upper electrode fingers
of first IDT electrode 802 are coupled to unbalanced port 810, while the lower electrode
fingers of this IDT electrode 802 are grounded. The upper electrode fingers of second
IDT electrode 803 are coupled to unbalanced port 811, while the lower electrode ﬁngérs
20 thereof are grounded. This surface acoustic wave filter thus includes the ports both
unbalanced.
First IDT electrode 802 is divided into two regions including first excitation
~ region 806 and second excitation region 807. Second excitation region 807 of this IDT

electrode 802 is located adjacent to second IDT electrode 803.



fingers of second excitation regions 807, 809 of |IDT el ectrodes 802, 803
are arranged at equal pitches, there exist (nl+n2+1) fin%er to-fin
spacings in these regions 807, 25 809, so that every el ec [dersmpbr, pltch
of these regions 807, 809 is {(nl+n2+1) X12+ - A14}/(nl +n2+1). Therefore,
the ratio of the electrode finger pitch of first excitation region 806 to
the el ectrode finger 8 Decenber 2005 21 pitch of second excitation region
807 of first IDT electrode 802 as well as the ratio of the electrode fnyger
pitch of first excitation region 808 to the el ectrode finger pitch of
second excitation region 809 of second IZW electrode 803 is 1-1/ {2(n
1+n2+1)}. 5 Wth the sum (nl +n2) of electrode fingers in second excitation
regi ons 807, 809 of IDT electrodes 802, 803 being four or nore, every

el ectrode flnger itch of _these regions 807, 809 is 0.9,/2 or re,. and
the di sconti Similgry seceed IDF elseireds 804 asdivideddntopvo f%@@emck-m% sount
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deviated by amount o from the A/2 periodic structure, In first IDT electrode 802, the

10 electrode finger pitch of first excitation region 806 differs from each electrode finger
pitch of second excitation region 807 so that the ratio between these electrode finger
pitches ranges from 0.9 to 1.2,

In second IDT electrode 803, the electrode finger pitch of first excitation region
808 differs from each electrode finger pitch of second excitation region 809 so that

15 the ratio between these electrode finger pitches ranges from 0.9 to 1.2. In other
words, all the electrode finger pitches of the surface acoustic wave filter range from
0.9A/2 to 1.2A/2 to define a substantially periodic structure.

. A description is now provided of a case where second excitation regions 807,
809 of IDT electrodes 802, 803 have nl electrode fingers and n2 electrode fingers,

20 respectively. When deviating amount o=-A/4, the distance between centers of the
respective fingers nearest to each other in first excitation regions 806, 808 of first and
second IDT electrodes 802, 803 is {(nHn2+)A/2-A/4}. In cases where the electrode

 fingers of second excitation regions 807, 809 of IDT electrodes 802, 803 are arranged

at equal pitches, there exist (nl+n2+1) finger-to-finger spacings in these regions 807,

25 . 809, so that every electrode finger pitch of these regions 807, 809 is {(ni+n2+D)A/2+ -

A/4}/(ni+n2+1). Therefore, the ratio of the electrode finger pitch of first excitation
region 806 to the electrode finger



20 The first excitation region of the first IDT electrode is deviated by

-?2J4 or +X14 fromthe first excitation region of second |IDT el ectrode.
However, the deviating anmount is not limted to these v alBJeecempgp2005

devi ating anmount is one of parameters determ ning a passband of the filter
and is therefore optimzed in accordance with desired filter
characteristics. 8 Decenber 2005 .22 The present enbodi nent has referred to
the el ectrode finger pitch only. As in the first enbodinent, in addition
to the electrode finger pitch, a mnmetallization ratio of the el ectrode
finger can be changed, too. The present pbodi ment has referred to the
ports both unbal anced. 5 However, the ports may not necessarily be

unbal anced. As long as the electrode finger pitches of the surface acoustic
wave filter are set to define the periodic structure of the present

i nvent i opitch bé sedonid excitatidn zegian 897 e firsel Db ekictrede S0raswhelhasithe ratio of

I nput/out put direction is reversed. The application of the present

i nvent i otheteleetrode fiagenpitahooffirst axsitationfrggwn 308 tactba slectroggitnges piishivince

the effect of reducing bulk radiation |oss. FQURTH EXEMDLARY EMBQDI MENT
i

Fig- 9 storondiaxepiion region 809:af seeond Hp electroda S03ds lal/d2en it 1)

accordance with the fourth exenplary enbodinent. 15 In Fig. 9, a pattern of
interdigital electrodes each constructed of opposed electrode fingers is

be. ecitod Wb Ui SUe (Do ol cOlpgivaler HREEP o pHetich Gxgaih RGN R mode
(e | ek RSt Sk BaS 355085, bRReChSR' 00 e, AURBRE ke Phen 380N
these regions 807, 809 is 0.94/2 or more, and the discontinuity can be limited to
within 10%.
When the deviating amount is +A/4, the ratio of the electrode ringer pitch of the
10 primary excitation region to the electrode finger pitch of the secondary excitation

region is 1+1/{2(n1+n2+1)}.

With the sum (nl+n2) of electrode fingers in second excitation regions 807, 809 of
IDT electrodes 802, 803 being four or more, every electrode finger pitch of these regions
807, 809 is 1.1A/2 or less, and the discontinuity can be limited to within 10%.

15 In the present embodiment, the electrode fingers of second excitation regions
807, 809 of first and second IDT electrodes 802, 803 are arranged at equal pitches.
However, those electrode fingers may be arranged at pitches varying stepwise such as
noted in the first embodiment, or second excitation regions 807, 809 may each include
two or more different kinds of electrode finger pitches different from the A/2 pitches.

20 The first excitation region of the first IDT electrode is deviated by -A/4 or +A/4

from the first excitation region of second IDT electrode. However, the deviating
amount is not limited to these values. The deviating amount is one of parameters
. deiermining a passband of the filter and is therefore optimized 1n accordance with

desired filter characteristics.



20 substrate 901. The fourth enbodiment differs fromthe third enbodi nent
in that third reflector electrode 906 is di sposed between first and second
| DT el ectrodes 902, 903. This can reduce discontinuity ofS laeqsabenis
structure defined by el ectrode finger pitches and can hence reduce | oss of
the surface acoustic wave filter 25 In the above-nentioned surface acoustic
wave filter, the upper electrode fipgers of first IDT electrode 902 are
coupl ed to unbal anced port 907, mhipg the lower electrode fingers of this
| DT el ectrode 902 are grounded. The upper 8 Decenber 2005 23 el ectrode
fingers of second |IDT el ectrode 903 are coupl ed to unbal anced port 908,

while the | qyer, elae ‘_%?Eé@r&f&%&% tRE BldbOHE $RiGer PhLI oﬁg.rface

acoustic wave filter thus inc es the ports both unbal anced. Thr oughout

first angh sgcoRd akfT cglRAIMAMACSIn9QdditidH3to the abassdodmebt N, Ritch is
set at X/ 2. A spacing between an excitation center of first |IDT el ectrode

902 and rageal1e%Eioh #hi6 6f BREl6dtréde fiReP Bsh bdthalged! foade 903 is deviated by a
certain amount fromthe periodic structure. A description is now provided

of a case whghe presertewindbdingentahimnnéfeired -1/ the Ybets bdth unbdiencedf el ectrode
fingers of the third reflector electrode is 10 Nr, the distance between

cent &r s dwdvee, the ppas thayendti mgessaribebs esbalancedach other in I DT el ectrodes
902, 903 is {(Nr+l)2X2-7X4}. In cases where the electrode fingers of third
reflector el Astlomgias fifitelactzode fingerepliches ofjtinl sypifacetmonstihwaee Blewst (N +l)
finger-to-forger spacings in this reflector electrode 906,. so that every
el ect r odee fset dedefine dhe gieriodic strueifure of the present dueergdn:, jthe similar
{(Nr+1)7X27~/ 4}/ (Nr+l). 15 Therefore, the ratio of the_electrode finger

pi t ch ofadwantages cariie ebtainadryes wisnran mpytputpas directen sggEered.ger pitch of

third reflector electrode 906 is 1- . .
The application of the present invention to a filter using a leaky surface

10 acoustic wave can enhancde the effect of reducing bulk radiation loss.

FOURTH EXEMPLARY EMBODIMENT
Fig. 9 schematically illustrates a surface acoustic wave filter m
accordance with the fourth exemplary embodiment.

15 In Fig. 9, a pattern of interdigital electrodes each constructed of opposed
electrode fingers is formed on piézoelectric substrate 901, whereby a surface
acoustic wave can be excited. The surface acoustic wave filter formed is a
longitudinal mode type including first and second IDT electrodes 902, 903 and
first, second and third reflector electrodes 904, 905, 906 on piezoelectric

20 substrate 901.
~ The fourth embodiment differs from the third embodiment in that third
* reflector electrode 906 is disposed between first and second IDT electrodes 902,
903. This can reduce discontinuity of a periodic struciure defined by electrode
finger pitches and can hence reduce loss of the surface acoustic wave filter.

26 In the above-mentioned surface acoustic wave filter, the upper electrode

fingers of first IDT electrode 902 are coupled to unbalanced port 907, while the

" lower electrode fingers of this IDT electrode 902 are grounded. The upper



/{2(Nr+l)}. Wth third reflector electrode 906 having four or nore

el ectrode fingers, every electrode finger pitch of this reflector

el ectrode 906 is 0.92X2 or nore, and the discontinuity c&Pemberd®éd to
within 10% 20 In cases where the deviating anount is +214, the ratio of
the electrode finger pitch of each of IDT el ectrodes 902, 903 to the

el ectrode finger pitch of third reflector electrode 906 is 1+1/{2(Nr+l)}.
Wth reflector electrode 906 having four or nore el ectrode fingers, every
el ectrode finger pitch of this reflector electrode 906 is 1.1X2 or |ess,
and the discontinuity can be limted t@i3within 25 10% 8 Decenber 2005 23a
In the present enbodinent, the electrode fingers of third reflector

el ectrode 906 are arranged at equal pitches. However, those el ectrode
fingers 5 10 8 Decenber 2005 24 nmay be arranged at pitches varying stepw se
such as slsctrads fingers of seeond IDdntlectiods R03 arp eoupled to whalancad pert H08e wade of
third reflector el ectrode 906 differ from .those of first and second | DT

el ect r odéke boyer olgstrode tingsrs, therspfearsgrovaded. oblis susfage acaustice B@Ne jater

di vided intg aualuralit regions .to change the el ectrode finger pitches

of each HuiBelugdes e Stbgfﬂﬂé‘ﬁb%@%‘fﬁg el ectrode 906. In other words,

o ectr ode 1| npwoughoeris axd Sond BT sTundes A 0B ot i rode HEEpTe S -

el ectr Odgétazft 2. A spacing between an excitation center of first IDT electrode 902 and an
excitation center of second IDT electrode 903 is deviated by a certain amount from the
periodic structure. A description is now provided of a case where the deviating
amount is -A/4. When the number of electrode fingers of the third reflector electrode is

10 N, the distance between centers of the respective fingers nearest to each other in IDT
electrodes 902, 903 is {Nr+H)A/2-A/4}. In cases where the electrode fingers of third
reflector electrode 906 are arranged at equal pitches, there exist (Nr+1) finger-to-finger
spacings in this reflector electrode 906, so that every electrode finger pitch of this
reflector electrode 906 is {(Nr+)A/24-A/4}/(Nr+l).

15 Therefore, the ratio of the electrode finger pitch of each of IDT electrodes
902, 903 to the electrode finger pitch of third reflector electrode 906 is 1-
V{2(Nr+D}. With third reflector electrode 906 having four or more electrode
fingers, every electrode finger pitch of this reflector electrode 906 is 0.9A/2 or
more, and the discontinuity can be limited to within 10%.

20 In cases where the deviating amount is +A/4, the ratio of the electrode
finger pitch of each of IDT electrodes 902, 903 to the electrode finger pitch of
third reflector electrode 906 is I+ {2(Nr+l)}. With reflector electrode 906
having four or more electrode fingers, every electrode finger pitch of this

reflector electrode 906 is 1.1A2 or less, and the discontinuity can be limited to within
25 10%. |



whol e affords the simlar advantages. 10 The first |IDT electrode is

devi ated by -714 or +714 fromthe second |IDT electrode. However, the
deviating amount is not linited to these val ues. The devi®PeEmbsiditit i s
one of paraneters determ ning a passband of the filter and is therefore
optim zed in accordance with desired filter characteristics. The present
enbodi nent has referred to the electrode finger pitch only. 15 As in the
first enbodinent, in addition to the electrode finger pitch, a

metal lization ratio of the electrode finger can be changed, too. The
present enbodi nent has referred to thggforts bot h unbal anced. However, the
ports may not necessarily be unbal ancetf® The application of the present
invention to a filter using a | eaky surface 20 acoustic wave can enhance
the effect of reducing bulk radiation |oss. Further, as long as the

el ectrode fi r pitches.of..the surfac cQustic e filter . a to
ef i ne the pli fsiEs<at pobginaoss e efepfodE AZkising R TellbrioFeltfbag Soo
advant ages can_be agbtai.ned even when an {nput/out dir i is

rever sed9s5 #IHEY XEef\t/PLEﬂ?E’EI\/BEﬁf NT H%Syevib s@ﬁé%t i @é&#@%l I it}lslg?rgt es a
surface acoustic wave filter in 8 Decenber 2005 25 accordance with the

fifth exenplary enbodinent. In Fig. 10, a pattern of interdigita

el ectrodes each constructed of opposed electrode fingers is formed on

pi ezoel ectric substrate 1001, whereby a surface acoustic wave can be
excited. The surface acoustic wave filter fornmed is a

10

15

20

25



5 longitudinally coupled type including first, second, third, fourth and
fifth IDT electrodes 1002, 1003, 1004, 1005, 1006 and first and second
refl ector el ectrodes 1007, 1008 on piezoel ectric substradagmber 305 he
above-nenti oned surface acoustic wave filter, the upper electrode fingers
of first, fourth and fifth IDT el ectrodes 1002, 1005, 1006 are coupled to
10 unbal anced port 1009, while the | ower electrode fingers of these |IDT

el ectrodes 1002, 1005, 1006 are gro@ﬁded. The | ower el ectrode fingers of
second and third |1DT el ectrodes 1003, 1004 are coupl ed to unbal anced port
1010, while the upper electrode fingers thereof are grounded. The surface

cnbal ancBAl s sEiopBpd, dirbisehly viARRe Pyl pERCE BT I TREDCTS 21T

i ncl udi %d' bt €XCitation region 1011, second excitation region 1012 and
third excitation region 1013. In this IDT el ectrode 1002, first excitation

region 1011 gl Q&at ﬁ%& flhes OF QRHdARHLEE bibefroas 1906 Affef BBONS 1012,
1013. SecondTElI%T e eo?'?ro e \1%03955 di vi dedei nto three regions including

first 28 06x68 8t afDsdcBBd POT bitbfrode£90%) B08 X CHbREVE TP dlebiFoddiidd2and third
excitation region 1016. In this IDT electrode 1003, first excitation

regi @ Idijg'mh ewﬂ%tﬁdideaeﬁm%jﬂumggrwr@ga&lgtbichdn@meteaadtmerﬁeg‘eﬁns 1015,
1016. Third IDT el ectrode 1004 is divided into three regions including

first exedbedtdfache@iivn A@fadentsee oeftbctorceleatioden 906gi bn ofikr8werds, t hi r d
excitation region 25 1019. In this IDT electrode 1004, first excitation
regi on l&ptiizing ohatcdettrodet fimgoy pichesd ofirthist heftedttaax eletrpdorandeghons 1018,
1019. Fourth IDT electrode 1005 is divided into two regions including first
8 Decentdecta@leShiifer pitches of the regions adjacent to this reflector electrode as a
whole affords the similar advantages.
10 The first IDT electrode is deviated by -A4 or +A/4 from the second IDT
electrode. However, the deviating amount is not limited to these values. The
deviating amount is one of parameters determining a passband of the filter and
is therefore optimized in accordance with desired filter characteristics.
The present embodiment has referred to the electrode finger pitch only.
15 As in the first embodiment, in addition to the electrode finger pitch, a
metallization ratio of the electrode finger can be changed, too.
The present embodiment has referred to the ports both unbalanced.
However, the poris may not necessarily be unbalanced.
The application of the present invention to a filter using a leaky surface
20 acoustic wave can enhance the effect of reducing buik radiation loss.
Further, as long as the electrode finger pitches of the surface acoustic
wave filter are set to define the periodic structure of the present invention, the
similar advantages can be obtained even when an input/output direction 1is
reversed.
25
FIFTH EXEMPLARY EMBODIMENT

Fig. 10 schematically illustrates a surface acoustic wave filter in



excitation region 1020 and second excitation region 1021. Second excitation
region 1021 of this IDT electrode 1005 is | ocated adjacent to second |DT

el ectrode 1003. Fifth IDT el ectrode 1006 is divided into t3leseBgrhHHioS
including first 5 excitation region 1022 and second excitation region
1023. Second excitation region 1023 of this IDT electrode 1006 is |ocated
adj acent to third IDT el ectrode 1004215 Throughout first excitation regions
1011, 1014, 1017, 1020, 1022 of firs through fifth 1 DT el ectrodes 1002,
1003, 1004, 1005, 1006, a spacing (an 10 el ectrode finger pitch) between
respective centers of the adjacent electrode fingers is set at Al2, where

k is the dﬁ@dﬁhﬁ&g&ﬁh%em&@ﬁl@’ﬁ?eﬂ%ﬂﬁ%& wave to be excited. A spacing

between an excitation center of first excitation region 1011 of first IDT

el ectrode 1008, #qfl 18Da BaGtbiPéf iAferaRAaLEleOiroddd ciich @¥fdth@dté P dpplidn 1014 15
of second |IDT el ectrode 1003 is deviated by anmount a fromthé Al2 periodic

st ruct ur elecBiod |faige¥s isPfosiad ioddpibsdelRbiic blbsteate! 1B Whefddt£5wuThed 1 1 St
excitation region 1011 of first IDT electrode 1002 and an excitation

center ofacbustit waxeichatbeoBxcitedgi The HitacoTacbhdtic wabld filte@Clofragd id @04 i s
devi ated by anbunt a fromthe A2 periodic structure. 20 A spaci ng between

t he edci tlatgibnlindiy esupddd typesinckding Aistosecoad) third Fddrthfandskftl TDT DT
el ectrode 1003 and an excitation center of first excitation region 1020 of
fourth | Bleciiodes 100 10085004, 105, 2008 1ad) firsteumit seGorid mefiettoe eldtodes i odi ¢
structure. Simlarly, a spacing between the excitation center of first
exci t at i dR07,r§Bon piezbelegirie sribstratX0M. ect r ode 1004 and an excitation
center of first 25 excitation region 1022 of fifth IDT el ectrode 1006 is
devi at ed by akbthf alwverentioned surface acoustic wave filter, the upper electrode
fingers of first, fourth and fifth IDT electrodes 1002, 1005, 1006 are coupled to
10  unbalanced port 1009, while the lower electrode fingers of these IDT electrodes
1002, 1005, 1006 are grounded. The lower electrode fingers of second and third
IDT electrodes 1003, 1004 are coupled to unbalanced port 1010, while the upper
electrode fingers thereof are grounded. The surface acoustic wave filter thus
includes five IDT electrodes and the ports both unbalanced.
15 First IDT electrode 1002 is divided into three regions including first
excitation region 1011, second excitation region 1012 and third excitation region -
1013. In this IDT electrode 1002, first excitation region 1011 is located
between second and third excitation regions 1012, 1013.
Second IDT electrode 1003 is divided into three regions including first
20 excitation region 1014, second excitation region 1015 and third excitation region
1016. In this IDT electrode 1003, first excitation region 1014 is located
between second and third excitation regions 1015, 1016.
Third IDT electrode 1004 is divided into three regions including first
excitation region 1017, second excitation region 1018 and third exeitation region
25 1019. In this IDT electrode 1004, first excitation region 1017 is located
between second and third excitation regions 1018, 1019.

Fourth IDT electrode 1005 is divided into two regions including first



the A12 periodic structure. As noted in the above-described configuration,
deviating the first 8 Decenber 2005 27 excitation regions of the first
through fifth I DT el ectrodes by the certain anount af f or d$ Deasbste®i st i cs
representative of the longitudinal node surface acoustic wave filter using
a plurality of nodes. Further, optimzing the electrode finger pitches of
the 5 regions (secondary excitation égions) other than the first
excitation regions of the first through fifth IDT el ectrodes reduces
discontinuity, so that all the electrode fingers forma substantially
continuous periodic structure, thus reducing | oss caused by bul k radiation

resul tinghitamdaeantosy iahﬁ,s%%oﬂ@kk?ﬁdgfbgirfégﬁﬁa’gﬁﬁ Basmfaexiﬁfg%@g- amount - of

the first excitation region is set a : wever, 10t evi ating

amount i se@Bhi 1022€6f thisAAYPrdaRfRle i ddh §LIocabel Ligjdceht ehakanideeDYti CS

since the deviating anount is one of paraneters determ ning a passband of
the filt @lectdole tD@3.pr esent enbodi nent, each area having the el ectrode
forger pitches different fromthe X/ 2 pitches may be fornmed of a reflector

el ectrode or HiftlcdD @Rkirede A006NE dRidedcitd sveabgione iadddidge fisgcondary
excitation regions of the IDT 15 el ectrodes, as described in the second

enbodbnerkcitativh pigdeeN022 ahaddiessid exditioal @eiond1023. t ISecqael &xcitagioh
unbal anced. However, at |east one of the ports may be bal anced. SI XTH
EXEMPLARYegiMBOORI/ENhiF 10T elbttrodd 2088 isdedaisd adjhosttrtathiwrd ADTléadnmleacoust i ¢
wave filter in accordance 20 wth the sixth exenplary enbodinent. In Fig.
11, a patlP84.n of interdigital el ectrodes each constructed of opposed
el ectrode forgers is formed on piezoelectric substrate 1101, whereby a
surface hroughout first excitation regions 1011, 1014, 1017, 1020, 1022 of first
through fifth IDT electrodes 1002, 1003, 1004, 1005, 1006, a spacing (an
10  electrode finger pitch) between respective centers of the adjacent electrode
fingers is set at M2, where A is the wavelength of the surface acoustic wave to be
excited.
A spacing between an excitation center of first excitation region 1011 of
first IDT electrode 1002 and an excitation center of first excitation region 1014
15  of second IDT electrode 1003 is deviated by amount o from the A/2 periodic
structure. Similarly, a spacing between the excitation center of first excitation
region 1011 of first IDT electrode 1002 and an excitation center of first excitation
region 1017 of third IDT electrode 1004 is deviated by amount a from the A/2
periodic structure.
20 A spacing between the excitation center of first excitation region 1014 of
second IDT electrode 1003 and an excitation center of first excitation region
1020 of fourth IDT electrode 1005 is deviated by amount § from the A/2 periodic
structure. Similarly, a spacing between the excitation center of first excitation
region 1017 of third IDT electrode 1004 and an excitation center of first
25  excitation region 1022 of fifth IDT electrode 1006 is deviated by amount p from
the A/2 periodic structure.

As noted in the above-described configuration, deviating the first



acoustic wave can be excited. The surface acoustic wave filter fornmed is a
| ongitudinally coupled type including first, second and third |IDT

el ectrodes 1102, 1103, 25 1104 and first and second ref| edBecerbeciisdes
1105, 1106 on piezoelectric 8 Decenber 2005 28 substrate 1101. In the
above-nenti oned surface acoustic wave filter, the upper electrode fingers
of first IDT electrode 1102 are coupled to first termnal 1116 of a

bal anced port, while the |lower electrodg fingers of this IDT el ectrode 1102
are 5 coupled to second termnal 1117 of the bal anced port. The upper

el ectrode fingers of second IDT el ectrode 1103 are coupl ed to unbal anced
port 1118, while <the |lower electrode fingers thereof are _grounded.

Si mi | ar | gxcitatiengpgions ef thetfinstitiroughhiih EDdteleawodgs bpthecatan smountafiords
coupl ed to unbal anced port 1118, while, K the_ |lower electrode fin er%thereof
are groufbeigctenisiies Epreseatativeoofs the lopgiwdingd mode sprfaee acowgtic, waxe dilter

T B B A5 LA S s AR
g L N
three r egt TR EETERIEY plebpdeaparPaR oty Ao hA0M Hddelfodt Hhed ™ ©
first extimafans AL iR bR Rrdiis duldtodlbme Ibhs EnRElIAf RO
Fﬁgiﬁ iji a J'éatgginl%@?%&#i%%ﬂnl‘?ie néig?[g)rrég %gﬁg@ﬁéﬁ%’genzgegih?pdlllé% e: th rode
1104 is divi ¢pd dePiafing HBEuACSF BRSfiFsD ek ittt felgidt is set at o or B. However,

10 the deviating amount is optimized in accordance with desired filter characteristics

since the deviating amount is one of parametérs determining a passband of the filter.
In the present embodiment, each area having the electrode finger pitches
different from the A/2 pitches may be formed of a reflector electrode or a
combination of the reflector electrode and the secondary excitation regions of the IDT
15 electrodes, as described in the second embodiment.
The present embodiment has referred to the ports both unbalanced. However, at

least one of the ports may be balanced.

SIXTH EXEMPLARY EMBODIMENT
Fig. 11 schematically illustrates a surface acoustic wave filter in accordance
20 with the sixth exemplary embodiment.

In Fig. 11, a pattern of interdigital electrodes each constructed of opposed
electrode fingers is formed on piezoelectric substrate 1101, whereby a surface
acoustic wave can be excited.  The surface acoustic wave filter formed is a
longitudinally coupled type including first, second and third IDT electrodes 1102, 1103,

25 1104 and first and second reflector electrodes 1105, 1106 on piezoelectric



excitation region 1113, second excitation region 1114 and third excitation
region 1115. In this IDT electrode 1104, first excitation region 1113 is

| ocat ed between second and third excitation regions 1114?5Ff@9?mé495thidd
excitation region 1115 is |located adjacent to second reflector el ectrode
1106. 25 Throughout first excitation regions 1107, 1110, 1113 of IDT |

el ectrodes 1102, 1103, 1104, a spacing (an el ectrode finger pitch) between
respective centers of the adjacent 28l ectrode fingers is set at V2, wheré X
is the wavel ength 8 Decenber 2005 29 of the surface acoustic wave to be
excited. A spacing between an excitation center of first excitation region
1107 of first Igﬂb el ectrode 1102 and an excitation center of first
excitatiﬁ“hiﬁﬁ? 1110 of second IDT 5 electrode 1103 is deviated by

t f t 2 L.od] S L ' t th
oxci tati on oo BF e ReBHLE shbHCAM S, Ntk e e urlP S| Birotg] 2277 0°
1102 d ' ' I LSt | ' | fathird | DT
ol cot  oabRsh ST G BNe Clach, h8) ofid ) MG JERAAAL 16 e lure. | The

reflecto t [ t {15 ' nhobragen t hose 10
of fi rsti’%%ugetcéa @??P@%ﬁ*’n?"% oé;@ﬁff%g,ﬂaléﬁslgf%?Qi?%ﬂéﬁ;ééﬂdr@odes 1102, 1103,

1104 5 TNEqufF 16 AbddAA EBALRI PI171dff o BAGhEEA 6. | THE Afppdi beciibdshe second

| DT el ec e is deviate y a certain amount froma reflection center of

first refheskQr s&lofl IDIURectddde- 1168 id afupled tol ibadatdetl PoitoT118eWhile of first
excitation region 1113 of the third IDT electrode is deviated by a certain

amount  f gieower eleki?6dd PRiges€ thebofalre gnoddr eSingitdrty, tiod esperettetrbd06. The 15
devi ating anmounts are optim zed in accordance with a passband frequency

r esponsefingéierof third dDAl dlectpslz Diddvere otipled an ainbalanoed pertt Hi8owhiler st
excitation region 1110 of the second IDT electrode and the reflection
cent er othd lowetr eletiode tioperd Hereafdae kt@dednd This surface acoustic wave

10 filter thus includes the unbalanced and balanced ports.
First IDT electrode 1102 is divided into three regions including first

excitation region 1107, second excitation region 1108 and third excitation region
1109. In this IDT electrode 1102, first excitation region 1107 is located between
second and third excitation regions 1108, 1109.

15 Second IDT electrode 1103 is divided into three regions including first
excitation region 1110, second excitation region 1111 and third excitation region
1112. In this IDT electrode 1103, first excitation region 1110 is located between
second and third excitation regions 1111, 1112, and second excitation region 1111
is located adjacent to first reflector electrode 1105.

20 Third IDT electrode 1104 is divided into three regions including first
excitation region 1113, second excitation region 1114 and third excitation region
1115. In this IDT electrode 1104, first excitation region 1113 is located between
second and third excitation regions 1114, 1115, and third excitation region 1115
is located adjacent to second reflector electrode 1106.

25 Throughout first excitation regions 1107, 1110, 1113 of IDT electrodes
1102, 1103, 1104, a spacing (an electrode finger pitch) between respective

centers of the adjacent electrode fingers is set at M2, where ) is the wavelength



t he di stance between the excitation center of first excitation region 1113

of the third IDT electrode and the reflection center of second refl|ector
el ectrode 1106 are optinized by 20 setting el ectrode fingd&® 05
different fromthe ?J2 pitches throughout second and third excitation
regions 1111, 1115 of second and third IDT el ectrodes 1103, 1104. This can
reduce discontinuity and al so reduce discontinuity that results when the

el ectrode finger pitches of the refl egigor el ectrodes differ fromthose of
first excitation regions 1107,1110, 1113 of IDT el ectrodes 1102, 1103, 1104.
25 8 Decenber 2005 29a As noted in the above-described configuration,
deviating the first 8 Decenber 2005 30 excitation regions of the first,
second anfithersurface wpusliewavewds aggiteéthe certain  anount af f ords

characteristics representative of the |ongitudinagl pode sur co i C
wave filter Aspagingrhatwesn angxeitationgapterlcbst exeitation region; fﬁa@qle%ﬁﬁgﬁlf

e AL CRTRL Y S Nt ot
cont nuoctils 003 Srdeiated b5 RSN § ditinithe e R4S SEH b LY 2 f on
e SRR SN RSSO P RIS
oot o, MASRLET Tt o 1B S S by SR PP AL,
the el ecli.of§qd | N9Fts RiVigil§ By amount o from the A/2 periodic structure.
The reflector electrodes have electrode finger pitches different from those
10 of first excitation regions 1107, 1110, 1113 of IDT electrodes 1102, 1103, 1104. The
excitation center of first excitation region 1110 of the second IDT electrode is deviated
by a certain arhount from a reflection center of first reflector electrode 1105. Similarly,
the excitation center of first excitation region 1113 of the third IDT electrode is deviated
by a certain amount from a reflection center of second reflector electrode 1106. The
15 deviating amounts are optimized in accordance with a passband frequency response.
| Here, the distance between the excitation center of first excitation region 1110 of
the second IDT electrode and the reflection center of first reflector electrode 1105, and
the distance between the excitation center of first excitation region 1113 of the third IDT
electrode and the reflection center of second reflector electrode 1106 are optimized by
20 setting electrode finger pitches different from the A/2 pitches throughout second and
third excitation regions 1111, 1115 of second and third IDT electrodes 1103, 1104.
This can reduce discontinuity and also reduce discontinuity that results when the
electrode finger pitches of the reflector electrodes differ from those of first excitation

regions 1107, 1110, 1113 of IDT electrodes 1102, 1103, 1104.
25



different fromthe X12 pitches. However, the el ectrode finger pitches of
reflector electrodes 1105, 1106 and the regions of the IDT el ectrodes that
are adjacent to 15 respective reflector el ectrodes 1105, Bildecmbgr HO5t he
only finger pitches different fromthe X12 pitches. The present enbodi nent
may be applied to not only the filter including the three IDT el ectrodes
but also filters including those, such as described in the third, fourth
and fifth enbodi ments, which include t?ﬁ%' DT el ectrodes and five 20 I1DT

el ectrodes, respectively and a filter having I DT el ectrodes to the nunber
other than two, three and five. Wth such an | DT el ectrode structure. also,
by optim zi ndselnsted odie thergaboyi-desertbad eenfiguatiorcodeviatingy the dwst
propagation path, the simlar advantages can be obtained. In each of the

f oregoi ng enbodi nents, some of the electrode finger pitches 25 of the IDT
el ectrode or the electrode finger pitches of the reflector electrode are
set different fromthe 712 pitches for reduced discontinuity. However, both
the reflector electrode and the IDT el ectrode may include the el ectrode
finger 8 Decenber 2005 31 pitches different fromthe 7J2 pitches for
reduced discontinuity. | NDUSTRI AL APPLI CABI LI TY The present invention
proposes a structure for mnimzing discontinuity 5 between |IDT el ectrodes
in a surface acoustic wave filter in which a region having A/2 el ectrode
finger pitches of at |east one IDT electrode is phase- shifted fromthat of
other IDT electrode by a certain anount in accordance wth a desired
passband frequency response, and as a result realizes a |low loss surface
acoustic wave filter. By adopting this surface acoustic wave filter, a



10 sensitivity of a high-frequency apparatus such as a nobile conmunication
apparatus can be inproved. 8 Decenber 2005 32 CLAIMS 1. A longitudinally
coupl ed surface acoustic wave filter conprising: a piezod ldeemper 2005
substrate; and a plurality of interdigital transducer electrodes (IDT

el ectrodes) and a plurality of reflector electrodes disposed on the

pi ezoel ectric substrate, wherein each of the IDT electrodes is an
interdigital electrode including a %ﬂurality of opposed el ectrode fingers,
wherein the IDT electrodes and the reflector el ectrodes are arranged in
close relation along a propagation direction of a surface acoustic wave,
wher ei n I r i i ' | | ving A2
el ect rodggﬁfdﬁggrﬁgﬁ%tghﬁ?]evﬂgé’&% g(?ml’i%&ia t%@ﬁ@]g{e%&%%%%?‘%@ acoustic

, L. ] ' : ' ' [ f - t he | DT
wave V‘Qﬁ{o?lgl’@ &Hﬂﬁispcr a??%téﬂgt;{éréloltr‘??t} Bhtdtfd FTho 101?%1%{&98 m8g¢ s&ffa e

el ectrodes hase- s e primary excl I on reglon of another

| DT el ectyeqglgic Wave ﬁlfé%gfsﬁivs;pﬁﬂ%nan& rAaHPHIAEE e Piirtierfo iﬁﬁ%massband

frequency response, an herei i at [east” one of a condition that the IDT
el ectr odelecficld B8ger PiiclbsTrdBe FEBHEOIthRFKRGE Me HPstaReithGon ko gct rode, a
secondary excitatron region having electrode finger pitches different from

the X62 phd iRSsecand andahnd 1IDPBlebitades! 1e@uédf the diStontinasty! @ hat A#vi ng two

or nore different kinds of electrode finger pitches different fromthe 712
pi tches ike dlesiRode inbetsnfoem & Rabsthtially ehnaesus perésdiabtivstind, thhs The
surface acoustic wave filter according to claim1, wherein all of the
el ect r odeeducirgelosp cdwded byobhulkhe diitichaesultingusdmalivaweinbitytofracbadtlc Wi thin a
range of 0.87/2

impedance.

The description has referred to the unbalanced and balanced ports.
10 However, the ports may both be unbalanced.

In the present embodiment, all of the secondary excitation regions of the
IDT electrodes and the reflector electrodes have the electrode finger pitches
different from the M2 pitches. However, the electrode finger pitches of reflector
electrodes 1105, 1106 and the regions of the IDT electrodes that are adjacent to

15 respective reflector electrodes 1105, 1106 may be the only finger pitches
different from the M2 pitches.

The present embodiment may be applied to not only the filter including
the three IDT electrodes but aiso filters including those, such as described in the
third, fourth and fifth embodiments, which include two IDT electrodes and five

20 IDT electrodes, respectively and a filter having IDT electrodes to the number
other than two, three and five. With such an IDT electrode structure also, by
optimizing electrode finger pitches to reduce discontinuity of the propagation
path, the similar advantages can be obtained.

In each of the foregoing embodiments, some of the electrode finger pitches

25  of the IDT electrode or the electrode finger pitches of the reflector electrode are
set different from the A/2 pitches for reduced discontinuity. However, both the

reflector electrode and the IDT electrode may include the electrode finger



to 1.27/2. 3. The surface acoustic wave filter according to claim1,
wherein the surface acoustic wave is a |eaky surface acoustic wave. 8
Decenmber 2005 33 4. The surface acoustic wave filter accofd?esgmPer 2008 m 1,
wherein the IDT electrode adjacent to an outernost reflector el ectrode of
the reflector electrodes includes, on a side thereof adjacent to the
outernost reflector electrode, a secgndary excitation region having

el ectrode finger pitches different f#om the 2./2 pitches. 5. The surface
acoustic wave filter according to claim1l, wherein: the IDT el ectrode

i ncludes a secondary excitation region having el ectrode finger pitches
different: b .G it R . -of-. 1 he refl ector

el ect rodéétgﬁ%@g%gﬁggﬁeiﬂgg%mpl tgﬁg%dug%@esr{é}%%ﬁ romthe A/2 pitches. 6.
The surface acoustic wave filter according to claim1, wherein: the
plurality of IDT electrodes includes a first IDT el ectrode and a second

| DT el eciNDIRERIAICEPPLIOABNGTN rst | DT el ectrode, the reflector el ectrodes

include a first reflector electrode adjacent to the first |DT electrode
and a second Tk hbREEAY invbREibnh eshoas aGhRicture fhnmisietamg ditdbnéineeyy ode, the
respective primary excitation regions of the first and second IDT

el ect 5 odeshetweerp IBFelsdiiddes Gn far iR Gleoqititewaty filthe i€ avtieh Naa@Rioat i n
accordance with the desired passband frequency response, and the first and
second | Dihatheg o dlestrode finger pitohdshef at It toneddDTad]eatrodd isiphase-of t he
first and second IDT el ectrodes, the respective secondary excitation

regi ons eahiiftérhfriony thdteofaltbet DT eldctrogerbypa icettem aimbfued enacdordamcehe X/ 2

with a desired passband frequency response, and as a result realizes a low loss
surface acoustic wave filter. By adopting this surface acoustic wave filter, a
10 sensitivity of a high-frequency apparatus such as a mobile communication

apparatus can be improved.



pitches. 8 Decenber 2005 34 7. The surface acoustic wave filter according
to'claim®6, wherein the electrode finger pitches of at |east one of the
.secondary excitation regions include two or nore differeStDicemasr 203

el ectrode finger pitches. 8. The surface acoustic wave filter according to
claim6, wherein the electrode finger pitches of at |east one of the
secondary excitation regions vary stepw se. 9. The surface acoustic wave
filter according to claim6, wherein the electrode finger pitches of at

| east one of the secondary excitation regions differ from one another and
I ncrease stepw se. 10. The surface acoustic wave filter according to claim
6, wherein the electrode finger pitches of at |east one of the secondary
excitat iCbAMYyi ons are all equal. 11. The surface acoustic wave filter
according to claim6, wherein the Srdgmoer of .el ectrode fingers of all of
the secondar - excis ngipdipally emmplegisupacg eustiGOWaVeHIErCREIPIBINEE| ect r odes
.accounts for 1/.3 orl Iess‘{];]%%r he (iot al nunber of electrode fingers of the
| DT el ect r od@ PI§ZCIEHFIC § A€ oustic wave filter accordi ng to claim1,

wherein: the aplt%ﬁfegi.t%y_?@;' tg}-ﬁi%%aggttfaggﬁﬁzeﬁ'”%léé%ﬁeé (DSt eleBHo&syCchh@de and

- a second and D ectr adj acent to the respective sides of the
first | QTplﬁfﬂﬁb@f&lectdﬂ%ld@trdd@d ditposed on éid siezralecntiesubisees i ncl udes a first
e

and second r ector electrodes disposed on respective outer sjdes of the
three | DT el edtareigesach bé the iIPdr glestrodesis on intajfligaabeledtwede inshudingra

el ectrode i s phase- shifted fromthe respective primary excitation regions
of the SUeh elpposed glectrode fingers,

wherein the IDT electrodes and the reflector electrodes are arranged in close
relation along a propagation direction of a surface acoustic wave,

wherein the IDT electrode includes a primary excitation region having A/2
electrode finger pitches, where A is a wavelength of the surface acoustic wave,

wherein the primary excitation region of at least one of the IDT electrodes is
phase-shifted from the primary excitation region of amnother IDT electrode by a
certain amount in accordance with a desired passband frequency response, and

wherein at least one of a condition that the IDT electrode includes, on a side
thereof adjacent to another IDT electrode, a secondary excitation region having electrode
finger pitches different from the A/2 pitches, and a condition that the reflector electrode
having two or more different kinds of electrode finger pitches different from the A/2
pitches is disposed between the IDT electrodes is established.

2. The surface acoustic wave filter according to claim 1, wherein all of the

electrode finger pitches of the surface acoustic wave filter fall within a range of 0.8A/2
to 1.2A/2.

3. The surface acoustic wave filter according to claim 1, wherein the

surface acoustic wave is a leaky surface acoustic wave.



8 Decenber 2005 35 |IDT electrodes by the certain anbunt in accordance wth |
t he desired passband frequency response, and the |IDT el ectrode_ i ncl udes,
.on the side thereof adjacent to another |IDT electrode, tﬁ@W@W?
excitation region having the electrode finger pitches different fromthe ‘
X/ 2 pitches. 13. The surface acoustic wave filter according to claim 12,
wherein the electrode finger pitches of at | east one of the secondary
excitation regions include two or noreasdi fferent kinds of electrode finger
pitches. 14. The surface acoustic wave filter according to claim 12,

wherein the electrode forger pitches of at |east one of the secondary
excitation regions vary stepw se. 15. The surface acoustic wave fjlt-er

accor di ng to 4l ai Mhezsurfase pepwstichigavefilfer acseeding tgetaim t.cwherest the I kast

o O e Rt 5 St Lol O SR Wb 1
12, wh ' I | 49 ' d
12, vt lidlion G54 1R A ® U ReoRrohaal ot 4 Beonsegnir

Cfilter aﬁf&&ﬂéﬁ&gm Mgglé&nd@ﬂﬁgﬁjﬂﬁc &%ﬁ&%ﬁ@liﬁémqﬁemﬁﬁfch@sie ringers of

all of the secondary excitation regions of at |east one’of the IDT
el ectrodes accounts for 1/3 or less of the total nunber of el ectrode
fingers of the IDT electrode. 8 Decenber 2005 36 .

5. The surface acoustic wave filter according to claim 1, wherein:

the IDT electrode includes a secondary excitation region having electrode
finger pitches different from the A/2 pitches, and

at least one of the reflector electrodes has electrode finger pitches different

from the A/2 pitches.

6. The surface acoustic wave filter according to claim 1, wherein:

the plurality of IDT electrodes includes a first IDT electrode and a second
IDT electrode adjacent to the first IDT electrode,

the reflector electrodes include a first reflector electrode adjacent to the first
IDT electrode and a second reflector electrode adjacent to the second IDT electrode,

the respective primary excitation regions of the first and second IDT electrodes
are phase-shifted from each other by the certain amount in accordance with the
desired passband frequency response, and

the first and second IDT electrodes include, on the respective
adjacent sides of the first and second IDT electrodes, the respective secondary

excitation regions each having the electrode finger pitches different from the A/2

pitches.



18. The surface acoustic wave filter according to claim1, wherein: the IDT
el ectrodes include five IDT el ectrodes arranged in close relation, the
primary excitation region of the IDT el ectrode i s phase- sRilFaceabps200fe
certain anount in accordance with the desired passband frequency response,
and the IDT el ectrode includes, on the side thereof adjacent to another |DT
el ectrode, the secondary excitation region having the el ectrode forger
pitches different fromthe x.12 pitchgs. 19. The surface acoustic wave
filter according to claim 18, wherein the electrode finger pitches of at

| east one of 1he sErOpE#dE gxsistiotwave @ aRsolding Udecihim 6,owhomie the
different kinds of electrode finger pitches. 20. The surface acoustic wave

filter aelecratienfinger pitchesold, least oneiofi thehgecondarytexetatian regensintlvdetvef at

| east one of the secondary exci ion regions vary stepw se. 21. The

sur f ace %@Qﬁd%e%]ém p @Pcﬁﬁ%%h@“ﬁ@&cl aim 18, wherein the electrode
forger pitches of at |east one of the secondary excitation regions differ
from one another and increase stepwi se. 22. The surface acoustic wave

filter according tﬁeckl.g’féﬂelﬁeomer\%% tH1gr e@csﬁiﬁgOtp Elafifies, %%féiﬁf]th@f at

| east one of the secondary excitation regions are all equal. 23. The
surface geausdd €ingey gitthdst ef aicleastdomeg of othel sicondBy etudtation fegmnsnvarper of
el ectrode fingers of all of the secondary excitation regions of at |east
one of stewis®T el ectrodes accounts for 113 or |l ess of the total nunber of
el ectrode fingers of the IDT el ectrode. 8 Decenber 2005 37 24. The
surface acoustic wave filter according to claim1, wherein

9. The surface acoustic wave filter according to claim 6, wherein the
electrode finger pitches of at least one of the secondary excitation regions differ from

one another and increase stepwise.

10. The surface acoustic wave filter according to claim 6, wherein the

electrode finger pitches of at least one of the secondary excitation regions are all equal.

11. The surface acoustic wave filter according to claim 6, wherein the
number of electrode fingers of all of the secondary excitation regions of at Jeast one of
the IDT electrodes accounts for 1/3 or less of the total number of electrode fingers of
the IDT electrode.

12.  The surface acoustic wave filter according to claim 1, wherein:
the plurality of IDT electrodes includes a first IDT electrode and a second and
third IDT electrodes adjacent to the respective sides of the first IDT electrode,
| the plurality of reflector electrodes includes a first and second reflector
electrodes disposed on respective outer sides of the three IDT electrodes,
the primary excitation region of the first IDT electrode is phase-

shifted from the respective primary excitation regions of the second and third



“the plurality of IDT electrodes includes a first and second IDT el ectrodes,

at "l east one of the reflector electrodes is disposed between the first and
second |IDT electrodes, the respective primary excitati ongr[E@FIBhﬁf%’ﬂfst he
first and second IDT electrodes are phase-shifted fromeach other by the
certain amount in accordance w th the desired passband frequency response,
and the reflector electrode has two or nore different kinds of electrode
forger pitches different fromthe ?J3,pitches. 25. The surface acoustic
wave filter according to claim24, wherein the electrode finger pitches of
the refl gotogleat®ics’ Bglahéideftain hidinPRe Racidaace anth thecdsase missimnd se.
26. The surface acoustic wave filter according to claim11, wherein: the
pl ur al i tfreqiencPiespbes, emdies i ncl udes a first, second and third IDT
el ectrodes, the 1pI urality of reflector el ectrodes.includes a fj rStIgﬁlnd

D a

second ref | edherlDE| destrasiecinclydes, suc Hicd sidsTtharend; pdigeentstq gughey

first side of .thg first IDI electrode.acrnoss t fiqt fd ector.

el ect roo‘gl?cﬁrﬂ%e’t ¢ §ETIBAaEY e‘fé‘ﬂ%ﬁﬁni ‘?gff’é’czhaé@%ﬁﬁ% éslgg%%%e:ﬁk%rroélt%% first
| DT el eg: cond reflector electrode, the primary

excitati lﬁfe?églgiﬁ%ﬁ{%gat/%gﬁ?@?st | DT el ectrode is phase-shifted fromthe
respective primary excitation regions of the second and third I DT 38

el ectrodes by the certain anpbunt in accordance with the desired passband
frequency response, and

13.  The surface acoustic wave filter according to claim 12, wherein the
electrode finger pitches of at least one of the secondary excitation regions

include two or more different kinds of electrode finger pitches.

14. The surface acoustic wave filter according to claim 12, wherein the
electrode finger pitches of at least one of the secondary excitation regions vary

stepwise.

15. The surface acoustic wave filter according to claim 12, wherein the
electrode ﬁngér pitches of at least one of the secondary excitation regions differ from

one another and increase stepwise.

16. The surface acoustic wave filter according to claim 12, wherein the
electrode finger pitches of at least one of the secondary excitation regions of each are all

equal.

17. The surface acoustic wave filter according to claim 12, wherein the
number of electrode ringers of all of the secondary excitation regions of at least one of
‘the IDT electrodes accounts for 1/3 or less of the total number of electrode fingers of

the IDT electrode.

:
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ki nds of electrode finger pitches different fromthe X/ 2 pitches. 27. The
.surface acoustic wave filter according to claim26, wherefdachabergd0gét r ode
finger pitches of at |east one of the first and second refl ector el ectrodes
differ fromone another and increase stepw se. 28. The surface acoustic
wave filter according to claiml1, wherein: the plurality of |IDT el ectrodes
i ncludes at least five IDT el ectrodes,osthe plurality of reflector

el ectrodes includes at |east four refl'ector electrodes each di sposed
between the I3 elBfuPE&SaconsiewRVd ARENacEHREinkabichimEWierief the | DT

el ectrode is phase-shifted fromthe primary excitation region of another

| DT el ect r odethbyDiThelectesdesiincladofine IDT electnalesd amanged irhcloseralidsing ed
passband frequency response, and at | east one of the refleéi)or el ect.r odes

has two or mohe painarEexeitationyegionof the T elsgaods isgtesprlifird bydhe et from
the X/ 2 pitches. 29.. The rface. a oushi C %/ave filter acco&di ng to claim
28, wher &RAURHE ac%(prg@qqeoxﬁﬁﬁm g}re%p?% A BedYeREY FePPRE, 8fd el ectr ode differ
¢ ¢ : . ] ) . .
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coupl ed surface acoustic wa I nclu , Seco and third I DT

el ect r odgisciahdk, ated sedonath sexeftaton ekt Maviige the osleqrade dinger egihkect ric
substrate. The | DT el ectrodes each include a primary excitation region

havi ng [ diffelen frehethe ddtipitdienger pitches, where [err] is the wavel ength of a
surface

19. The surface acoustic wave filter according to claim 18, wherein the
electrode finger pitches of at least one of the secondary excitation regions include two

or more different kinds of electrode finger pitches.

20. The surface acoustic wave filter according to claim 18, wherein the
electrode finger pitches of at least one of the secondary excitation regions vary

stepwise.

21. The surface acoustic wave filter according to claim 18, wherein the
electrode finger pitches of at least one of the secondary excitation regions differ from

one another and increase stepwise.

22.  The surface acoustic wave filter according to claim 18, wherein the

electrode finger pitches of at least one of the secondary excitation regions are all equal.

23. The surface acoustic wave filter according to claim 18, wherein the
number of electrode fingers of all of the secondary excitation regions of at least one of
~the IDT electrodes accounts for 1/3 or less of the total number of electrode fingers of

the IDT electrode.



acoustic wave. The primary excitation region is phase-shifted by a certain
anbunt in accordance with a desired passband frequency response. The |DT
el ectrodes further include a plurality of secondary excit &P %?@ﬁs each
havi ng el ectrode finger pitches different fromthe [err]2 pitches. Al of
the el ectrode finger pitches of the surface acoustic wave filter thus range
fromO0.8[err]/2 to 1.2[err]/2, so that a |loss increase caused by

di scontinuity between the IDT electroges is prevented.

24. The surface acoustic wave filter according to claim 1, wherein
the plurality of IDT electrodes includes a first and second IDT electrodes,
at least one of the reflector electrodes is disposed between the first and second
IDT electrodes,
the respective primary excitation regions of the first and second IDT
electrodes are phase-shifted from each other by the certain amount in accordance
with the desired passband frequency response, and

the reflector electrode has two or more different kinds of electrode finger

pitches different from the A/2 pitches.

25. The surface acoustic wave filter according to claim 24, wherein the
electrode finger pitches of the reflector electrode differ from one another and

increase step wise.

26.. The surface acoustic wave filter according to claim 1, wherein:

the plurality of IDT electrodes includes a first, second and third IDT
electrodes,

the plurality of reflector electrodes includes a first and second reflector
electrodes,

the second IDT electrode is located on a first side of the first IDT
electrode across the first reflector electrode,

the third IDT electrode is located on a second side of the first IDT

~ electrode across the second reflector electrode,
the primary excitation region of the first IDT electrode is phase-shifted

from the respective primary excitation regions of the second and third IDT
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electrodes by the certain amount in accordance with the desired passband

frequency response, and
each of the first and second reflector electrodes has two or more different

kinds of electrode finger pitches different from the A/2 pitches.

27. The surface acoustic wave filter according to claim 26, wherein the
electrode finger pitches of at least one of the first and second reflector electrodes

differ from one another and increase stepwise.

28.  The surface acoustic wave filter according to claim 1, wherein:
the plurality of IDT electrodes includes at least five IDT electrodes,
the plurality of reflector electrodes includes at least four reflector

electrodes each disposed between the IDT electrodes,

the primary excitation region of the IDT e¢lectrode is phase-shifted from the
primary excitation region of another IDT electrode by the certain amount in
accordance with the desired passband frequency response, and

at least one of the reflector electrodes has two or more different kinds of

electrode finger pitches different from the A/2 pitches.

29.  The surface acoustic wave filter according to claim 28, wherein the

electrode finger pitches of the reflector electrode differ from one another and

increase stepwise.





